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EFFECTIVE 


TACTICS 


A smooth, sustained and powerful vasopressor 
effect is obtained in cases of shock when treated 
with ‘ARAMINE’ injection. Main advantages are: 
(1) Three routes offered 
(intravenous, intramuscular and subcutaneous) 
(2) Prompt, repeated response to repeated injections 
(3) Sure, flexible contro! of blood-pressure 


Disadvantages which are often associated with 
other vasopressors -such as secondary fall in 
blood pressure, cardiac arrhythmias and tissue 
sloughing - are not to be expected. 


How supplied: In 1 ml. ampoules and 10 ml. vials (10 mg. per 
mil.). Literature available on request. 


by three life-saving routes... 


Injection ARAMINE 


Metaraminol bitartrate 
Made in England by 


MERCK SHARP & DOHME LIMITED 
HODDESDON, HERTS 
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The new name for 


Lignocaine and your guarantee 


that it is from 


DUNCAN FLOCKHART OF EDINBURGH 


The Doctors’ House 


*A registered trade mark, the property of 


DUNCAN, FLOCKHART & CO LTD EDINBURGH 11 
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Preoperative Care. Postoperative Care. Classical File. 
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STATUS ASTHMATICUS, ACUTE HAY FEVER, 


for IMMEDIATE use in | ALLERGIC EMERGENCIES, TRAUMATIC SHOCK, 
EMERGENCY SURGERY, FULMINATING INFECTION 


—and for immediate relief (injected locally) in Rheumatoid Arthritis and Acute Bursitis 


Injection ‘CODELSOL)’ is a sterile solution (not a suspension) of prednisolone 
21-phosphate, READY FOR IMMEDIATE INJECTION intravenously, intramuscularly 
or intrasynovially, without further mixing or dilution. 


Since refrigeration is not required, Injection ‘CODELSOL’ can be carried in your 
bag, ready for immediate use. 


Injection ‘CODELSOL’ may be administered through a small-bore needle; response 
is very rapid and an adequate dose is contained in a small volume of solution. 


Injection ‘CODELSOL’ may be life-saving in your patient. 


How supplied ; Injection ‘CODELSOL’ is supplied in 2 ml. vials containing 20 mg. prednisolone 21-phosphate per ml. 
Literature will gladly be supplied on request. 


Injection 


(PREDNISOLONE 21-PHOSPHATE, Sterile Solution of Prednisolone) 


MERCK SHARP & DOHME LIMITED, HODDESDON, HERTS 
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TASTES VARY, AND SO DO REQUIREMENTS. THE SYNTHETIC MUSCLE RELAXANTS IN THE 
‘RANGE OF M&8 BRAND MEDICAL PRODUCTS MEET NEEDS AS DIVERSE AS PROLONGED 


MAJOR SURGERY AND ELECTRO CONVULSIVE THERAPY. 


3 ideal for procedures of all but the 
2% completely reversed by neostig- ‘FE L AX E D I L’ 

2K does not cause significant release 

of histamine 


3 forshort procedures (3 to 5minutes) 
suitable for endoscopies, intubation, 
and orthopaedic manipulations 


3k extremely short duration of action 
(2 to 4 minutes) with marked freeiom 
froin post-operative pain 


% suitable for all brief procedures 
including dental surgery. 


MANUFACTURED BY MAY & BAKER LTD 


M&B brand Medical Products 


DISTRIBUTORS 


PHARMACEUTICAL SPECIALITIES (MAY & BAKER) LTD 


DAGENHAM 
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A short time or a long time for muscular relaxation? 
B. W. & Co. provide a product for each need : 


‘A E Cc T E Injection of Succinylcholine Chloride 


The first choice for procedures requiring rapid muscular relaxation of brief 
duration. 


T A R E # Preparations of Tubocurarine Chloride 


The most widely-used muscle relaxant ; unsurpassed for prolonged procedures, 
and where profound relaxation is required. 


B.W. & CO. Muscle Relaxants 


he BURROUGHS WELLCOME & co. (The Wellcome Foundation Ltd.) LONDON 
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NOTICE TO CONTRIBUTORS 


This Journal is for the publication of original 
work in all branches of anaesthesia, including the 
application of basic sciences. Two issues each year 
deal mainly with material of educational value. 


Papers. Papers are accepted on the understand- 
ing that they have not been and will not be 
published in whole or in part in any other journal. 
They are subject to editorial revision. Manuscripts 
should indicate the title of the paper, the name 
qualifications and full address of the author, and 
be in double-spaced typing on one side only of 
quarto paper with a wide margin. 


Abbreviations, Weights and Measures. Abbre- 
viations should follow the convention adopted by 
the Journal of Physiology. Weights and measures, 
dosages, etc., should be expressed in the metric 
system. 


Tables. All tables should be on separate sheets 
and be capable of interpretation without reference 
to the text. 


Illustrations. Photographs should be un- 
mounted, glossy prints. Drawings, charts and 
graphs should be in black indian ink on white 
paper. All illustrations should be clearly numbered 
with reference to the text on the back and should 
be accompanied by a suitable legend. The name 
of the author and title of the paper should also be 
written on the back of the illustrations. 


References. There should be a table of refer- 
ences at the conclusion of the paper. These 
references should be arranged according to the 
Harvard system and in alphabetical order. 
Abbreviations in the references should be accord- 
ing to the World List of Scientific Publications. 


In the Harvard system, in the text the year of 
publication must follow the author’s name, more 
than one paper in any one year being indicated by 
a small letter (a, b, c) after the date. In the 
references, the order should be: author’s name, 
followed by initials; year of publication in paren- 
theses; title of paper to which reference is made; 
title of publication underlined with a singe line 
(to indicate italics) and abbreviated in accordance 
with the World List of Scientific Periodicals; 
volume number in arabic numerals, underlined 
with a wavy line (to indicate bold face); the 
number of the first page in arabic numerals; thus: 
Howell, T. H., Harth, J. A. P., and Dietrich, M. 
(1954). The use of chlorpromazine in geriatrics. 
Practitioner, 173, 172. 

In the case of books, the reference should be as 
follows: name of author and initials; year of 
publication in parentheses; title of book; 
number of edition; page number; town of origin, 
publisher; e.g., Hewer, C. L. (1948). Recent 
Advances in Anaesthesia and Analgesia, 6th ed., 
p. 120. London: Churchill. 


The British fournal of Anaesthesia should be 
referred to in the references as Brit. #7. Anaesth. 


Proofs. Proofs will be sent to all contributors. 
These should be corrected and returned to the 
Joint Editors within forty-eight hours. 


Reprints. Twenty-five reprints of articles will 
be dispatched to the authors after publication. 
Further reprints can be supplied if application is 
made when the proofs are returned. 


Copyright. Papers which have been published 
become the property of the Journal and permission 
to republish must be obtained from the Editors. 
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Here is a new, more potent intravenous 
barbiturate, ‘Brietal Sodium’, which en- 
sures smooth induction of anaesthesia and 
rapid, clear-headed recovery. 

‘Brietal Sodium’ is of particular value in: 


electro-shock - dental surgery 
obstetrics - orthopaedics 
reduction of fractures - general surgery 
gynaecological examination 


‘BRIETAL SODIUM 


Trade Mark Brand 
METHOHEXITONE SODIUM 


The average dose is 50-100 mg. in a 1% 
solution. ‘Brietal Sodium’ is supplied in 
ampoules each containing 0°5 Gm. 


ELI LILLY AND COMPANY LIMITED BASINGSTOKE ENGLAND 
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“I would have everie man write what he knowes and no more.” —MONTAIGNE 


BRITISH JOURNAL OF ANAESTHESIA 


VOL. XXXII, No. 11 


NOVEMBER 1961 


EDITORIAL 


THE UPTAKE AND ELIMINATION OF ANAESTHETICS 


The uptake and elimination of anaesthetics in the 
human body has been of interest to scientifically 
minded anaesthetists ever since the publication 
of Haggard’s classic paper in 1924. 

Haggard’s study of ether was based on a very 
small series of animals; and the methods available 
at the time made such work laborious. 


Studies of other anaesthetics over the past few 
years have made it clear that different tissues take 
up and eliminate anaesthetics at different rates. 
The differences are dependent mainly on solu- 
bility; but blood supply, pH, membrane permea- 
bility and other factors also influence them. 
Uptake for the body as a whole is the sum of the 
uptakes of a large number of different tissues and 
these tissues must be studied individually if a 
clear picture is to emerge. 

It has for long been realized that this uptake 
and elimination is an exponential process, pro- 
ceeding ever more slowly as equilibrium is 
approached, so that elimination down to the last 
molecule requires an infinite time. 

The application of gas chromatography to the 
study of these processes enables scientists to follow 
them much further towards infinity than ever 


before, and the periods over which elimination 
can now be followed are measured in days or 
weeks rather than in minutes or hours. 

The development of such methods makes it 
timely to repeat Haggard’s pioneer work, and to 
apply it to humans too. The paper by Onchi and 
Asao in this issue reports such a study and the 
results are of interest from several points of view. 
They indicate the striking sensitivity of gas 
chromatography as a method of analysis, for it 
enabled them to measure ether vapour to within 
5 microlitres in a gas sample two thousand times 
as large, and to detect it in the breath as long 
as 20 hours after the end of anaesthesia. 

Their inability to account for over 50 per cent 
of the ether taken up in two out of three human 
subjects is puzzling and indicates the need for 
further investigations. The results of such further 
investigation may show that human tissues have 
to be divided into more than the three components 
which sufficed to explain the course of uptake and 
elimination of ether in this study; and measure- 
ments of concentrations in a large number of 
individual tissues will be required to elucidate 
these points. 

Such studies will be awaited with interest. 


: 
= 
t 
: 
: 


Brit. J. Anaesth. (1961), 33, 544 


ABSORPTION, DISTRIBUTION AND ELIMINATION OF DI-ETHYL 
ETHER IN MAN 


BY 


Yutaka ONCHI AND YUKIO ASAO 
Nara Medical College, Kashiwara-shi, Nara-ken, fapan 


In 1924 Haggard published a paper on this subject 
having carried out his study on dogs. The mode 
of transfer of di-ethyl ether to and from the 
human subject in clinical anaesthesia has been 
deduced from the facts derived from his animal 
experiments. Since there is no assurance that this 
deduction is right, a human study of this kind 
has been awaited. The present study is intended 
to fill this gap between experimental animals and 
human subjects. 


METHOD 


A known concentration of ether was given to 
healthy volunteers from a large rubber bag 
through a non-rebreathing valve. Expired air was 
collected for 1 minute at certain intervals. Samples 
were drawn from the bag for the determination of 
ether by a gas-chromatograph. The differences in 
the amount of ether inhaled and exhaled were 
used for the calculation of absorption. After the 
administration of ether in patients and volunteers 
its elimination was studied by collecting the ex- 
pired air by the same method as above. Measured 
volumes of ether vapour were converted to S.T.P. 
For quantitative analysis of ether vapour in res- 
piratory gas a gas-chromatograph was used. 
Helium was used as a carrier gas, a katharometer 
was used for detection and polyethylene glycol 
was used for the stationary phase. A calibration 
line was constructed by introducing a known 
amount of ether vapour, so that the amount of 
ether vapour in a sample could be found by the 
measurement of peak area on the recording paper 
of the gas-chromatograph. The measurement was 
accurate to 0.005 ml of ether vapour in a 10 ml 
gas sample. 
RESULTS 


Absorption of ether. 


Liquid ether was mixed with air in a large 
5 


rubber bag so as to make a 1 per cent vapour 
concentration. The concentration was measured 
by the gas-chromatograph. This concentration of 
ether did not produce mental clouding and did not 
affect the respiratory minute volume. The ether- 
air mixture was given by a non-rebreathing 
valve to two healthy volunteers for 60 minutes. 
The results obtained in the two volunteers are 
shown in figure 1. As shown in the figure a phase 
of steep decrease in ether uptake is completed 
somewhere between the 15th and 20th minutes 
from the beginning of inhalation, and a steady 
slow decrease in ether uptake continues until the 
60th minute. 
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Ether uptake in ml/min at S.T.P. 
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20 30 40 50 60 


Minutes 


0 10 


Fic. 1 


Ether absorption by two volunteers who were given 
1 per cent ether-air mixture by non-rebreathing valve. 
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The relationship between the amount absorbed 
and eliminated in the same individual. 

A 0.5 per cent mixture of ether in air was 
administered to three healthy volunteers by a 
non-rebreathing valve for 20 minutes and the 
amount of ether absorbed by the subjects was 
estimated as described in the previous section. 
After this 20-minute period of inhalation, expired 
air was collected for three consecutive 40-minute 
periods. The results are shown in table I. As indi- 
cated in the table, in the first subject, 779.7 ml 
of ether vapour were absorbed during 20 minutes 
and of this 34 per cent was eliminated in the first 
40-minute period; a further 25 per cent (59.5 
per cent — 34.3 per cent) in the second 40-minute 
period, and 24 per cent more in the third 40- 
minute period. Altogether the amount eliminated 
in 120 minutes was 83.9 per cent of the amount 


TABLE | 
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absorbed in 20 minutes inhalation. In the second 
and third subjects the amounts recovered in 120 
minutes were lower, being 49.9 per cent and 37 
per cent respectively. 


Concentration of ether in air depots. 

During clinical anaesthesia air depots were 
made in the pleural cavity, the peritoneal cavity 
and the abdominal fat in different individuals. 
The concentration of ether in the inspired air 
during anaesthesia fluctuated between 4 per cent 
and 8 per cent. The results obtained are shown 
in figure 2. If it be true that the concentration 
of ether vapour in the air depots reflects the 
equilibrium established between the air and the 
surrounding tissue, then the saturation of the 
tissue around these air depots to the inspired ether 
concentration does not seem to be completed. 


Absorption and elimination balance study 


Absorption in ml 


Subject 1 Subject 2 Subject 3 
779.7 943.6 785.6 


Amount eliminated as in 40 min 
percentage of the amount in 80 min 


absorbed in 120 min 


34.3 23.9 
59.5 38.3 33.8 
83.9 49.9 37.0 


Vol% Ether 
6 
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pneumoperitoneum 
pneumothorax 


60 80 100 120 60 180 200 
Minutes 
Fic. 2 


Concentration of ether in the air depots made in the pleural cavity, peritoneal 


cavity and fat tissue during clinical anaesthesia with ether. 
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This is especially true in fatty tissue and the ether 
concentration in fat shows a steady rise for 200 
minutes. According to the figure the transfer of 
ether from blood to fatty tissue seems to be a 
very slow process. 

Elimination of ether. 

In two patients quantitative analysis of ether in 
expired air was continued for 540 minutes after 
the end of anaesthesia. The results are shown in 
figure 3. The solid line in the figure represents 
the findings in a 55-year-old male weighing 48 kg 
who had ether anaesthesia by endotracheal, closed 
circle, carbon dioxide absorption system for 120 
minutes. The ether concentration in the breathing 
bag at the end of anaesthesia was 5.3 per cent. The 
broken line in the figure shows the results obtained 
in a 35-year-old female weighing 52 kg who had 
ether anaesthesia for 55 minutes by the same 
method. The ether concentration in the breathing 
bag at the end of anaesthesia was 3.7 per cent. 
As shown in the figure the decrease in the amount 
of ether eliminated is very rapid during the first 
15 to 20 minutes, followed by a phase of slow 
decrease for the next 40 minutes. A slower de- 


Ether elimination in ml/min at S.T.P. 
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crease continues for the rest of the experimental 
period. It is worth pointing out that it was possible 
to detect a trace of ether by the gas-chromatograph 
in the expired air until 20 hours after the anaes- 
thesia. 

In two healthy volunteers 0.8 and 0.9 per cent 
ether-air mixture was administered by a non- 
rebreathing valve for 60 minute periods. The 
elimination of ether was measured by the same 
method as used in the clinical case. While in 
patients the respiratory minute volume is small in 
the first part of the recovery period and increases 
later on, the respiratory minute volume remained 
constant in the volunteers who were breathing a 
low concentration of ether. Since the respiratory 
minute volume had a considerable influence on 
the amount of ether eliminated, it is desirable to 
have constant respiration to obtain an ether 
elimination curve in near-physiological condition. 
The curve shown in figure 4 is drawn from an 
empirical equation which seems to fit the values 
obtained by the measurements. The black solid 
dots in the figure represent the mean of each 
measured value in two cases. 


Minutes 


Fic. 3 


Elimination of ether after clinical anaesthesia. Solid line represents 55-year-old male weigh- 

ing 48 kg. Broken line represents 35-year-old female weighing 52 kg. Ether concentration 

in the rebreathing bag at the end of anaesthesia was 5.3 per cent in the former and 3.7 

per cent in the latter. The duration of anaesthesia was 120 minutes in the former and 55 
minutes in the latter. 
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Ether elimination in ml /I. 


O10 2030 40506075 8080160 110180 


Minutes 


Fic. 4 


Empirical equation and curve constructed from the measurement of ether elimination after 
anaesthesia with 0.8 and 0.9 per cent ether in air. The dots represent the mean of each 
measured value in two cases. 


DISCUSSION 


In the second experiment it was shown that 37 
to 84 per cent of absorbed ether was collected in 
the elimination period of 2 hours. The value is 
smaller than that obtained by Haggard (1924) in 
dogs. He could recover more than 87 per cent of 
the amount absorbed. The question arises as to 
the cause of the difference in these results. 
One explanation is the difference in the size of 
dogs and human subjects. In the dog the elimina- 
tion of ether may be completed sooner than in 
human subjects because of the smaller body size 
and the difference in the proportion of adipose 
tissue. Another explanation is the difference in the 
concentration of ether vapour used. Concentra- 
tions of ether vapour much lower than those used 
by Haggard were used in this absorption-elimina- 
tion balance study. At the concentrations of ether 
used in this balance study, experiments show that 
the factor of diffusion through the rubber bag is 
negligible. The authors are suspicious, however, 
of the current concept that most of the ether 
vapour absorbed by the human can be recovered 
in the expiration especially in diluted concentra- 
tion. It has been shown that nitrous oxide and 
cyclopropane can be eliminated through the intact 


human skin (Orcutt and Waters, 1933); but since 
the authors have proved that ether in anaesthetic 
concentrations does not pass through the intact 
human skin (Asao, 1960), elimination by this 
route can be excluded from the discussion. At 
least it is felt that a more detailed balance study 
is needed to prove the current concept. 

Table II was derived, from the calculation of 
each component of the empirical equation. for 
ether elimination in the two volunteers. This table 
illustrates some interesting points in the mode 
of elimination of ether from the human body. An 
empirical equation which fits the ether elimination 
curve consists of three expowentials. The first 
exponential comes close to zero at the 20th 
minute, the second one comes close to zero at 
the 90th minute and the third one remains at a 
higher level at the end of experiment. From 
the previous studies on the elimination and 
absorption of cyclopropane and nitrous oxide in 
man (Onchi et al., 1961; Ono, 1960) there can 
be seen both differences and resemblances 
between the elimination of ether, nitrous oxide 
and cyclopropane. They resemble each other in 
that the elimination curve consists of three phases; 
the first steep decline, the second slow decline, 
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Taste Il 
Calculated values from empirical equation of ether elimination. 


Y=3.47e 


0.326t + 1 61e —9.075t+ Je —0.005t 


t 3.47e ~ 0.326t 


1.6le 9-075t 


1.13@ 0.005 


1.491 
1.104 
0.758 
0.520 


1 2.501 
5 0.679 
10 0.133 
15 0.026 
20 0.005 0.357 
30 0.168 
40 0.079 
50 0.037 
60 . 0.018 
90 - 0.002 
120 


Time in minutes 


1.124 
1.103 
1.075 
1.049 
1.023 
0.974 
0.927 
0.882 
0.838 
0.723 
0.627 


and the very flat long tail. Ether elimination is 
different from the others in that the first and the 
second phases last much longer. In the absence 
of direct evidence, it is considered that the first 
exponential represents ether elimination from 
the blood, the second exponential represents 
elimination from a part of body which has 
a relatively rich blood supply, and the third 
exponential represents elimination from a part 
of body which is remote from the circulation. 
Because ether has a much higher solubility for 
blood than cyclopropane and nitrous oxide, it 
takes longer for ether than for cyclopropane and 
nitrous oxide to be eliminated from the blood. 

As a result the first exponential of the empiri- 
cal equation comes close to zero sooner for 
cyclopropane and nitrous oxide than for ether. It 
is most probable that the greater part of the third 
component consists of fat. 


SUMMARY 


The mode of transfer of ether to and from man 
has been studied under clinical and experimental 
conditions. An empirical equation has been con- 
structed from changes in the amount of ether 
eliminated after experimental administration of 
ether. 


REFERENCES 


Asao, Y. (1960). Studies on ether anaesthesia. J. Nara. 
med. Ass., 11, 445 (in Japanese). 

Haggard, H. W. (1924). The absorption, distribution and 
elimination of ethyl ether. J. biol. Chem., 59, 737. 

Onchi, Y., Nagaoka, J., Araki, R., Kaminkubo, Y.., 
and Ono, T. (1961). Studies on nitrous oxide 
anaesthesia. Far East J. Anesth. (in press). 

Ono, T. (1960). Fundamental studies on cyclopropane 
anaesthesia. J. Nara. med. Ass., 11, 293 (in 
Japanese). 

Orcutt. F. §., and Waters, R. M. (1933). The diffusion 
of nitrous oxide, ethylene and carbon dioxide 
through human skin during anesthesia. Curr. Res. 
Anesth. Analg., 12, 45. 


= | 
2.886 
1.966 
1 595 
1.385 
1.142 
1.006 
0.919 
0.856 
0.725 
0.623 
AoA 


Brit. ¥. Anaesth. (1961), 33, 549 


THE EFFECTS OF EXTERNAL RESISTANCE TO RESPIRATION 
Part I: GENERAL REVIEW 


BY 


W. D. A. SMITH 
Research Department of Anaesthetics, Royal College of Surgeons, London 


Man usually breathes from and into the atmos- 
phere with only the limitations of his own respira- 
tory system to impede him. Anaesthetized man 
breathing spontaneously, however, usually 
breathes through apparatus which offers additional 
resistance to airflow. This resistance is purely 
incidental and it may be harmful. The purpose of 
this article is to consider the respiratory pressures 
that must occur in order to overcome such 
apparatus resistance and to review some evidence 
as to their possible effects. 


The pressure changes occurring during respiration. 

During normal inspiration a subatmospheric 
alveolar pressure is necessary for the generation 
of inspiratory airflow. The pressure gradient 
across the respiratory tract, between the mouth 
and the alveoli, is related to the minute ventila- 
tion, to the inspiratory flow pattern and to the 
resistance offered to airflow by the respiratory 
tract. 

For the generation of expiratory airflow the 
alveolar pressure must be correspondingly raised 
above atmospheric pressure. 

If apparatus offering resistance to airflow is 
interposed between the upper respiratory tract 
and the atmosphere, then the total resistance to 
airflow will be increased. If the same minute 
ventilation and the same respiratory flow pattern 
are to be maintained, then the inspiratory and 
expiratory pressure gradients betweca the alveoli 
and the atmosphere must be increased by the 
amounts needed to overcome the resistance of the 
apparatus. The alveolar pressure changes will be 
correspondingly increased. 

The reduction in alveolar pressure required to 
bring about an inspiratory inflow of air is gen- 
erated by the muscles of respiration. These exert 
an outward pull upon the walls of the thorax. The 
thorax expands and the outward pulling forces 


are transmitted from the thoracic walls to the 
alveoli via all the intervening structures. During 
expiration the respiratory muscles relax. The 
inward pull of the elastic structures now pre- 
dominates. The alveoli are compressed and the 
alveolar pressure rises. 

The active muscular effort of inspiration is 
usually performed more quickly than the passive 
expiratory recoil and the peak inspiratory flows 
are greater than the peak expiratory flows. When 
breathing through an external resistance, there- 
fore, the peak pressure gradients across it will be 
greater during inspiration than during expiration 
and the alveolar pressure swings will be increased 
correspondingly. Although Cain and Otis (1949) 
found that the normal respiratory pattern was 
not maintained when conscious subjects breathed 
through an external resistance, the peak inspira- 
tory flows remained greater than the peak expira- 
tory flows. The above argument, therefore, still 
applies. 

If the volume of air expired through the 
external resistance equal$ the volume of air 
inspired through it, then the mean pressure change 
at the mouth over a complete respiratory cycle 
will depend upon whether the airflow through 
the external resistance is laminar or turbulent. 

During laminar airflow through the external 
resistance the pressure drop across it will be pro- 
portional to the airflow through it. It follows that 
the mean pressure at the mouth over a complete 
respiratory cycle will be atmospheric. The exter- 
nal resistance, therefore, should not cause any 
change in the mean alveolar pressure, despite the 
greater increase in the peak inspiratory pressures 
than in the peak expiratory pressures. 

If the airflow through the external resistance 
is turbulent, then the pressure gradient across it 
will not be proportional to the flow through it. As 
the flow increases the pressure gradient will in- 
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crease more than would be expected during 
laminar flow, and this effect increases with in- 
creasing flows. Under the circumstances of tur- 
bulent flow the pressure gradient across the 
external resistance will be relatively greater during 
inspiration than during expiration as compared 
with the corresponding pressure changes occur- 
ring during laminar flow. The overall resistance 
to the inspiration of the tidal volume of air will 
therefore be greater than the resistance to its ex- 
piration. The mean pressure at the mouth over 
a complete respiratory cycle and the correspond- 
ing mean alveolar pressure will therefore be 
subatmospheric. 

The resistance to respiratory airflow offered 
by an anaesthetic breathing system varies with the 
phase of respiration. Let a Magill semiclosed system 
be taken as an example (Mapleson system A 
(Mapleson, 1954), Rotameters, reservoir bag, 
corrugated tubing, expiratory valve and mask 
connected in series). During inspiration the 
subject breathes through the resistance of the 
complete circuit up to the reservoir bag. Some of 
the energy required to overcome this resistance 
to inspiratory flow will have been imparted to 
the gas supply, according to the supply flow rate, 
and some will be provided by the energy stored 
in the distended reservoir bag. During expiration, 
after the expiratory valve has opened, the subject 
will breathe through the resistance of the circuit 
up to the expiratory valve and not through that 
part of the circuit between the expiratory valve 
and the reservoir bag. The mouth pressure during 
expiration will be governed by the pressure re- 
quired to overcome the resistance of the circuit 
between the mouth and the expiratory valve, by 
the pressure exerted by the opposing gas supply, 
by the pressure required to open the expiratory 
valve and by the resistance opposing flow through 
it. In practice the characteristics of the expiratory 
valve become of major importance and a sise in 
mean alveolar pressure may be expected. 

When using conventional dental anaesthetic 
breathing systems without a reservoir bag in the 
circuit, the flow of the nitrous oxide and oxygen 
mixture is usually adjusted to be within the range 
of normal inspiratory peak flows. The energy 
imparted to the supplied gases will therefore 
overcome resistance to inspiratory gas flow. When- 
ever this energy is greater than that required 
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to overcome the external resistance to inspiratory 
flow the surplus will contribute to a rise in 
pressure at the mouth and therefore in the alveoli. 
This will apply throughout expiration and during 
a part of inspiration, according to the pressure- 
supply-flowrate characteristics of the anaesthetic 
machine. 

The muscular and elastic forces which generate 
the changes in alveolar pressure required for 
respiratory airflow are transmitted to all structures 
within the thorax, although there will be local 
variations due to the physical properties of indi- 
vidual tissues. The oesophagus, the heart, the 
blood and lymph vessels and sensory nerve end- 
ings in the thorax are all involved in pressure 
changes corresponding to those occurring in the 
alveoli. If local variations are ignored, the absolute 
value of the pressure applied to the structures 
lying between the alveoli and the chest walls 
may be considered to be equal to the alveolar 
pressure less that due to the inward elastic pull 
of the lungs. The latter will depend upon the 
degree of pulmonary distension. If the alveolar 
pressure swings are increased in order to over- 
come external resistance to airflow, then all intra- 
thoracic structures will be involved in corres- 
pondingly increased pressure swings. It follows 
that external resistances to airflow, according to 
their magnitude, direction and duration, may be 
expected to affect circulatory as well as respira- 
tory function. Such effects may be modified by 
compensating reflexes. 


The effects of abnormal airway pressures upon 
conscious fit, young, male adults. 

Most of the experimental work concerned with 
the effects of abnormal airway pressures, upon 
conscious subjects, during spontaneous respira- 
tion, has been performed upon fit, young, male 
adults. The purpose of this work was to assess 
the possibiliiy of applying positive airway pres- 
sures to aircrews flying at high altitudes in order 
to raise the partial pressure of inspired oxygen. 
The pressures used were higher than those that 
should be applied to anaesthetized patients, but 
the possibility of similar effects being produced 
in unfit anaesthetized patients at considerably 
lower pressures should be considered. 

That changes in airway pressure do cause 
corresponding changes in the pressure applied to 
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the heart and aorta was confirmed by Dern and 
Fenn (1947). They found that in subjects who 
are lying down the arterial pressure followed 
approximately the intrapleural pressure. The 
arterial pressure usually reached equilibrium within 
a minute of increased or decreased airway pressure. 
When positive airway pressures were applied to 
sitting subjects, however, the systolic blood pres- 
sure was found to rise more than when they were 
supine. With some subjects there was a fall in pulse 
rate. Barach and his colleagues (1946) reported 
corresponding changes in venous pressure. Using 
cardiac catheterization they demonstrated that 
the rise in peripheral venous pressure was equal 
to the rise in central venous pressure as measured 
in the right auricle during positive pressure 
breathing. 

The above changes in systolic and venous blood 
pressure occurring in supine subjects during 
pressure breathing could be explained by mech- 
anical transmission of pressure from the res- 
piratory tract to the heart and the great vessels. 
Using lower limb plethysmography, however, 
Fenn and his co-workers (1947) demonstrated a 
reflex vasoconstriction during pressure breathing 
against 15 to 30 cm H,O. The vasoconstriction 
was found to outlast the pressure breathing by 
20 to 30 seconds. Further evidence of such reflex 
vasoconstriction was found by Fenn and Chad- 
wick (1947), using finger plethysmography. The 
finger volume pulse was found to decrease for a 
few seconds immediately after the start of positive 
pressure breathing but rose to a level near nor- 
mal on continued exposure to positive airway 
pressure. Upon return to normal breathing 
pressures the volume pulse rose above the original 
value for a short time and then subsided 
gradually. Individuals varied considerably in the 
degree and the time relations of their responses. 
Some individuals gave different results upon 
different occasions. Confirmation of these results 
was given by de Lalla (1948) who demonstrated 
a drop in finger skin temperature during positive 
pressure breathing against 20 cm H,O. 

Fenn and his co-workers (1947), using a teeter- 
board, concluded that 500 ml of blood were dis- 
placed from the lungs of a supine subject while 
breathing against a pressure of 30 cm H,O. Using 
a lower limb plethysmograph they also demon- 
strated an increase in lower limb volume at the 
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onset of pressure breathing. The blood displaced 
from the chest during pressure breathing was 
replaced by air. In addition the chest expanded 
and Barach and his colleagues (1946) reported a 
1000-ml change in “chest position” in subjects 
breathing against a pressure of 20 cm H,O. They 
found a coincident increase in ventilation and in 
tidal volume of the order of 25 per cent. 

An important longer term circulatory distur- 
bance occurring during pressure breathing is a 
loss of circulating blood volume. Barach and his 
colleagues (1946) found a haemoconcentration and 
changes in blood oxygen capacity and in plasma 
protein concentration consistent with a loss of 
300 ml from the circulating blood volume while 
breathing against a pressure of 20 cm H,O for 
periods of up to 1 hour. One subject had a 
syncopal reaction during this series of experi- 
ments, even when wearing a pressure compen- 
sating vest. Barach and others (1947) recorded a 
loss of 4 per cent of the circulating blood volume 
after breathing against a pressure of 30 mm Hg 
(41 cm H,O) for 30 minutes. This they attributed 
to capillary filtration caused by the elevated 
venous pressure. They concluded that most 
healthy young men can tolerate breathing against 
a continuous pressure of 20 cm H,O, but that at 
higher pressures the incidence of collapse rises 
readily. 

Discussing the significance of the loss of blood 
volume into the limbs during pressure breathing, 
Henry (1951) mentioned two contributory factors, 
venous pooling and the filtration of fluid into the 
tissue spaces. Whereas venous pooling due to 
venous distension occurs rapidly, within seconds, 
filtration of fluid into the tissue spaces is more 
insidious. Both may be increased by a warm 
environment. Henry found that an upright seated 
man breathing against 60 mm Hg (82 cm H,O) 
might pool approximately 150 ml extra blood 
volume when cool, and nearly 500 ml when hot. 
He estimated a loss of 2.9 per cent of the blood 
volume into the tissues when breathing against a 
pressure of 30 mm Hg (41 cm H,O) for 20 
minutes at 50°F. The comparable loss at 120°F 
was 5.1 per cent. 


The effects of abnormal airway pressures during 
general anaesthesia. 
In the context of anaesthetic practice the effects 
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of increased airway pressure upon the circulation 
have been considered mainly in terms of the con- 
sequent rise in peripheral venous pressure, and 
the reduction of venous return to the heart. The 
possibility that reduced alveolar pressures occuring 
during respiratory obstruction might contribute to 
the production of pulmonary oedema has also been 
considered (Mushin, 1955). The effects of short- 
term airflow resistances upon ventilation during 
anaesthesia have been reported recently by Nunn 
and Ezi-Ashi (1961). 

The most serious consequences of raised peri- 
pheral venous pressure probably occur in relation 
to head injuries and neurosurgery. When the skull 
is intact a rise in venous pressure causes an in- 
crease in intracranial pressure. When the skull 
is open it causes an increase in volume of the 
intracranial contents and an increase in venous 
oozing. It was in order to minimize venous con- 
gestion during neurosurgery that Ayre (1937a) 
introduced the T-piece technique. This, because 
it has no valves, offers a relatively low resistance 
to respiration. He also suggested that the tech- 
nique might be used with advantage for operations 
upon the head and neck which can be hampered 
by venous oozing, and in particular during 
operations for the repair of hare-lip and cleft 
palate (Ayre, 1937b). 

During intermittent positive pressure respira- 
tion a major concern has been to assess the extent 
to which a raised mean intrathoracic pressure may 
impede the return of venous blood to the heart. 
The problems involved have been reviewed by 
Nunn (1957). Beecher, Bennett and Bassett 
(1943) observed that some patients would not 
tolerate even a moderate increase in airway pres- 
sure, while others showed signs of deteriorating 
circulation when an elevated airway pressure was 
maintained. On subjecting anaesthetized dogs to 
an airway pressure of 10 cm H,O above atmos- 
pheric pressure they found a marked rise in 
venous pressure and a slight fall in blood pres- 
sure, blood flow and respiratory rate. If the blood 
volume of the dogs was first reduced by hae- 
morrhage, then there was a pronounced fall in 
cardiac output which was attributed to a reduction 
in venous return to the heart. Knoefel and others 
(1945) found that the cardiac output was reduced 
by 40 per cent after subjecting anaesthetized dogs 
to a raised airway pressure of 7 mm Hg 
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(9.5 cm H,O) for 3 hours, but there was little 
change in cardiac output over the first hour. 

Cournand and his colleagues (1948) applied 
various patterns of positive airway pressure to 
human subjects during intermittent positive pres- 
sure respiration and concluded that cardiac output 
was decreased more or less in proportion to the 
increase in mean airway pressure. Maloney and 
others (1953) found no significant change during 
intermittent positive pressure respiration when 
applied to fit patients but in patients with cir- 
culatory inadequacy they found a serious fall in 
cardiac output and in blood pressure. This could 
be prevented by using a subatmospheric pressure 
of 10 cm H,O during expiration. Enderby (1958) 
has drawn attention to the marked reduction in 
venous return caused by raised airway pressures 
following the administration of ganglion blocking 
drugs. Used with great care, moderation and 
skill, he has suggested that the use of positive 
pressure respiration under such circumstances 
might be of value in maintaining a steady con- 
trolled hypotension. 

Little experimental work appears to have been 
reported upon the effects of intermittent positive 
expiratory pressures such as may occur during 
inhalational anaesthesia with spontaneous respira- 
tion. 

Relatively high expiratory pressures may be 
expected during dental anaesthesia using nitrous 
oxide and oxygen since high supply flowrates and 
expiratory valves offering high resistance are fre- 
quently used. Furthermore, the respiratory depres- 
sion usually associated with deeper anaesthesia 
should not occur. It might be relevant, therefore, 
to consider the blood pressure variations recorded 
during nitrous oxide and oxygen anaesthesia in 
the dental chair, even though the correspond- 
ing airway pressures and details of the gas flows 
supplied are not available. 

Goldman, Cornwell and Lethbridge (1958) 
found that unsupplemented nitrous oxide and 
oxygen anaesthesia in the dental chair was 
associated with a rise in blood pressure in 94 out 
of a series of 100 unselected patients. A rise in 
blood pressure of up to 10 mm Hg was recorded 
in 17 patients; of between 10 and 20 mm Hg in 
29 patients; of between 20 and 30 mm Hg in 23 
patients; and of between 30 and 40 mm Hg in 
12 patients. The greatest rise recorded was 90 
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mm Hg which occurred in 2 patients. At the end 
of the period of anaesthesia the blood pressure fell, 
usually 5 to 10 mm Hg below the pre-operative 
level. Nine cases showed an initial fall of blood 
pressure but not to a level lower than occurred 
during the postanaesthetic period. Twenty-one 
patients showed an initial rise of blood pressure 
followed by a fall on the introduction of oxygen, 
but not to a level lower than that recorded during 
the postanaesthetic period. 

Walsh (1958), while using halothane as a 
supplement to nitrous oxide and oxygen anaes- 
thesia in the dental chair, noted that this drug 
had little effect in modifying the rise in blood 
pressure recorded by Goldman, Cornwell and 
Lethbridge (1958). 

This rise in blood pressure occurring during 
nitrous oxide oxygen anaesthesia in the dental 
chair may be related partly to the pressures at 
which the gases are respired. A rise in blood 
pressure equal to the rise in intrathoracic pressure 
should be expected. The observations of Dern and 
Fenn (1947), quoted above, suggest that higher 
pressures may be expected in sitting patients. The 
postanaesthetic fall in blood pressure reported by 
Goldman, Cornwell and Lethbridge (1958) is 
consistent with, although not necessarily related 
to, the rise in finger blood flow reported by Fenn 
and Chadwick (1947) as occurring immediately 
after pressure breathing. The cases of death in 
the dental chair quoted by Bourne (1957, 1960) 
may be recalled in the light of this. The majority 
of the cases for which details are given, collapsed 
at the end of the anaesthetic. Two of these 
exhibited pallor when oxygen was administered. 
Another maintained a good colour until the anaes- 
thetic, which was described as short and simple, 
was stopped. She then looked as if about to vomit 
and started to have convulsions. Another case, a 
healthy miner of 46 years, opened his eyes and 
looked at the receptionist before collapsing. A 
boy of 7 years cried out as he recovered from the 
anaesthetic. He was taken from the dental chair 
to the recovery room where he was found to be 
collapsed. 

The author has also seen a young, fit, male 
patient who conversed intelligently with the 
anaesthetist immediately after a nitrous oxide, 
oxygen and halothane anaesthetic in the dental 
chair, and then fainted (Smith, 1960). 


DISCUSSION 


There is sufficient evidence already available from 
the literature to encourage further investigation of 
the effects of abnormal airway pressure changes 
upon conscious and anaesthetized, normal and 
abnormal subjects. The effects of intermittent 
positive expiratory pressure breathing in the sit- 
ting and supine positions are particularly relevant 
to anaesthesia. Where blood pressure changes 
occur, their relationship to changes in intra- 
thoracic pressure should be determined. If a rise 
in blood pressure greater than the rise in intra- 
thoracic pressure were to be found, it would 
presumably arise as the result of nervous reflex 
action. The necessary stimuli and the nervous 
pathways would need elucidation. It would be of 
practical importance to discover whether the 
initiating stimulus is predominantly the mean 
pressure change over a complete respiratory cycle, 
the mean airway pressure over the expiratory phase, 
the magnitude of the peak pressure changes, or the 
rate of pressure change. In so far as considera- 
tions of venous return are concerned, the mean 
airway pressure over the complete respiratory 
cycle can probably be taken as the important 
factor. 

It is particularly important that the reasons for 
the blood pressure changes occurring during 
nitrous oxide and oxygen anaesthesia in the dental 
chair should be more fully understood. Apart 
from the effects of applying and removing high 
expiratory pressures, the contributions and inter- 
actions of nitrous oxide, of surgical stimuli under 
light anaesthesia, of hypoxia and of rapid-oxygena- 
tion should also be considered. The fall in blood 
pressure coincident with the administration of 
oxygen to patients in the dental chair, as reported 
by Goldman, Cornwell and Lethbridge (1958), 
and implied in some of the cases of collapse in the 
dental chair reported by Bourne (1957, 1960), 
also requires further investigation. In addition to 
the possible contributory factors mentioned above, 
the pressures at which nitrous oxide and oxygen 
mixtures are supplied by dental anaesthetic 
machines may vary with their proportions, and in 
particular when oxygen is administered alone. 


SUMMARY 


An account is given of the generation of the 
pressure changes in the respiratory tract which 
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are necessary for normal respiration. The modifi- 
cations of these pressure changes which are to 
be expected in order to overcome external 
resistance to respiration are then described. Some 
of the evidence of the effects of abnormal airway 
pressures upon the cardiovascular system of 
conscious and anaesthetized subjects is reviewed. 
The possible relevance to dental anaesthetic 
practice is considered. The need for further 
experimental evidence is stressed. 
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ELECTROMYOGRAPHY IN GENERAL ANAESTHESIA 
BY 


B. RAYMOND FINK 


From the Department of Anesthesiology, College of Physicians and Surgeons, 
Columbia University, and the Anesthesiology Service, The Presbyterian 


A PRIMARY objective of general anaesthesia is to 
depress skeletal muscular responses sufficiently for 
smooth completion of a surgical procedure. The 
drugs used for this purpose are either general 
depressants of the central nervous system or selec- 
tive depressants of motor impulse transmission to 
striated muscle. In both cases the extent of the 
depression of skeletal muscle activity is a principal 
guide to administration of the drugs in question, 
particularly as observed in the effect on respiration 
and on abdominal wall tension. 

Changes in the electrical activity of skeletal 
muscles are observable in the electromyogram 
(e.m.g.), and since there is close proportionality 
between electrical activity and mechanical tension 
under many conditions (Lippold, 1952; Bigland 
and Lippold, 1954; Bergstrém, 1958), the e.m.g. 
can indicate the force of contraction of a muscle or 
conversely its degree of relaxation. There is thus 
a physiological basis for the use of electromyo- 
graphy in measuring the striated muscle response 
to surgical stimulation and its depression by 
anaesthetic drugs. The practical scope of the 
method has been the subject of three years study 
in the operating room. A summary of the experi- 
ence gained is presented here, preceded by a brief 
historical survey. 


HISTORICAL NOTES 


The generation of electricity by contracting muscle 
was demonstrated by Matteucci in 1838, and 
DuBois-Reymond (quoted by Morgan, 1868) 
observed action currents from the arm muscles of 
a man as far back as 1851. Electromyographic 
recording was pioneered by Piper in 1907 (Piper, 
1912) after Einthoven’s invention of the string 
galvanometer (Einthoven, 1901), an instrument 
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sufficiently sensitive to record the minute voltages 
involved, but lacking an adequate frequency 
response. This deficiency was overcome with the 
introduction of the cathode ray oscilloscope into 
biology by Gasser and Erlanger (1922). Electronic 
amplification (in conjunction with a galvanometer) 
had been originated by Forbes and Thacher in 
1920. 

Until 1929 human electromyograms were 
obtained with surface electrodes, recording the 
collective activity of relatively large portions of 
muscle. A notable increase in resolving power 
occurred when Adrian and Bronk (1929) designed 
the coaxial needle electrode, by means of which 
potentials from a single motor unit could be re- 
corded. Adrian adopted the loudspeaker as an aid 
to electromyography, utilizing the ability of the 
ear to discern differences in intensity and quality 
not distinguishable in a graphic record. 

Electromyography seldom practised 
clinically before 1944, when Weddell, Feinstein 
and Pattle published a comprehensive report which 
stimulated considerable interest. Integrated electro- 
myography devised in 1952 by Inman and 
co-workers and by Lippold (1952) provides a 
comparative measure of the electrical activity of 
a muscle. The technique was described in relation 
to anaesthesia in 1960 by Fink and his colleagues. 


TECHNIQUE 


An electromyograph amplifier must have a higher 
frequency response than an electrocardiograph 
because the action potentials from a striated muscle 
fibre are much briefer than the waves in an electro- 
cardiogram. When recorded with surface 
electrodes, the electromyogram is more attenuated 
and its site of origin more uncertain than if needle- 
point electrodes are used, inserted directly into the 
muscle. The closer the electrodes are to each other, 
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the less the likelihood of interference from electro- 
cardiographic potentials. In practice, unipolar 
needles often give better results than concentric 
electrodes. The field of sampling is a sphere of 
only a few millimetres radius, since the amplitude 
of the recorded potential falls by 90 per cent within 
4 mm of an active fibre (Buchthal, Guld and 
Rosenfalck, 1957a). Artefacts due to surgical 
manipulations are infrequent. Interference trans- 
mitted by the hand of the anaesthetist is avoided 
if he wears a rubber glove. 


THE INTEGRATED ELECTROMYOGRAM 


The irregular pattern in an e.m.g. results from 
overlapping territories and asynchronous contrac- 
tion of different motor units. Each unit is dispersed 
in subgroups (subunits) of up to thirty muscle 
fibres over a diameter of some 5 mm (Buchthal, 
Guld and Rosenfalck, 1957b). The intensity 
of the electrical activity is difficult to estimate in 
the standard e.m.g. but can be conveniently 
observed on an oscilloscope with the aid of an 
integrating circuit (Fink and and Scheiner, 1959) 
or with an averaging circuit, such as a peak 
detector (Inman et al., 1952). An integrator 


may be compared to a bath with the plug 
in: inflow can be measured by the rate at 
which the pressure on the bottom rises. A peak 
detector, on the other hand, corresponds to a 
bath with the plug removed: an equilibrium 
develops between inflow and outflow, the equili- 
brium pressure being an index of the rate of 
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inflow. The integrator is more exact but must 
be discharged periodically in order to avoid 
“overflow”. The peak detector only gives a rough 
“envelope” or “average” of the inflow activity 
but with the advantage of being observable 
continuously. This is the more practical method 
for clinical purposes (fig. 1) and a compact 
electromyoscope of this type, available com- 
mercially,* has been designed, utilizable with both 
flammable and non-flammable agents. 


ELECTROMYOGRAPHY OF ABDOMINAL MUSCLES 


The e.m.g. of the oblique-transverse group of 
abdominal muscles is conveniently recorded by 
inserting electrode needles or wires between the 
costal margin and anterior superior spine of the 
ilium. After penetration of the deep fascia, any 
activity present in the external oblique is 
immediately recognized in the oscilloscope. If 
needle electrodes are used, the outer ends must 
be protected from pressure. With reasonable care 
no complication arises. The only one encountered 
was due to an ill-advised attempt by the author 
to remove electrodes while a patient was lying 
on them—by pulling on the leads. The fragments 
were extracted with a red face. 

Electrical activity of the abdominal muscles is 
a usual finding in lightly anaesthetized patients. 
It has been observed with cyclopropane, ether, 
halothane, ethylene, tribromethanol, nitrous 


*Manufactured by Electronics for Medicine, White 
Plains, New York, U.S.A. 
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Abdominal electromyogram. Onset of paralysis during spontaneous respiration with 
nitrous oxide, oxygen and thiopentone anaesthesia. Lower trace. Standard e.m.g. 
Upper trace. Peak-detected e.m.g. Suxamethonium 20 mg was administered intra- 
venously before the start of the record. Abdominal muscle activity during inspiration 


is less intense and blocked more 


Time lines: 


rapidly 


than the activity during expiration. 


1 second. 
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oxide, and thiopentone (Fink, 1960). Some 
activity is also frequently present before anaes- 
thesia in patients who have received a barbitu- 
rate or narcotic drug. It is often found in persons 
who have received no drug at all (8 out of 12 
subjects examined). 

The activity of the abdominal obliques 
generally varies reciprocally with that of the 
diaphragm, increasing in expiration and waning 
during inspiration. Decreased abdominal activity 
during inspiration is probably due to rhythmic 
inhibition from the respiratory centre, since it 
ceases as soon as the diaphragm is inactivated 
by overventilation (fig. 2). The abdominal muscle 
activity can be regarded primarily as a strong 
postural contraction rhythmically inhibited during 
inspiration, or, less probably, as a weaker postural 
contraction rhythmically increased during active 
expiration. A third view has been that the increased 
activity during expiration is a reflex response 
to falling abdominal pressure resulting from 
ascent of the diaphragm (Campbell, 1958). Why 
such a reflex should disappear during overven- 
tilation is not clear. The postural activity tends 
to be increased by surgical stimulation and by 
hypercapnia and is diminished by anaesthetics, 
by hypocapnia, and by muscle relaxants. 

It is principally in order to limit the trouble- 
some postural contraction that muscle relaxants 
are administered at abdominal operations. The 
integrated abdominal e.m.g. shows the extent of 
the residual postural activity and constitutes a 
practical guide to the administration of muscle 
relaxants at such operations (Fink, 1960). This 
guide is particularly useful when respiration is 
managed with a mechanical ventilator. At such 
times the anaesthetist is deprived of information 
concerning the rhythmic and postural behaviour 
of respiratory muscles, ordinarily transmitted 
to his hand through the breathing bag. The inte- 
grated abdominal e.m.g. substitutes for and 
indeed improves on the bag, inasmuch as the 
eye may see changes in the oscilloscope 30 
seconds or more before the hand becomes aware 
of them in the bag. In this respect the ear is 
even more sensitive than the eye: monitoring the 
e.m.g. with a suitably muted loudspeaker is 
truly one of the most pleasant, though rather 
esoteric, procedures of anaesthesia. Each type of 
abdominal movement—cough, hiccough, gag, 
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breath-holding, attempt to get off the table— 
makes its own characteristic warning noise. 

The anaesthetist can regulate muscle activity 
centrally with general depressants or peripherally 
with myoneural depressants. Either method is 
susceptible to electromyographic control but the 
e.m.g. does not distinguish between them, and is 
accordingly unsafe as a guide to anaesthetic 
depression when muscle relaxants are being used 
at the same time. On the other hand, electro- 
myography has proved a safe guide to the 
administration of relaxants when a _ constant 
moderate level of anaesthesia is maintained. A 
principal clinical use for electromyography has 
been in regulating the administration of relaxants 
for abdominal procedures. 


ELECTROMYOGRAPHIC REGULATION OF ABDOMINAL 
RELAXATION 


This has been successful with nitrous oxide and 
oxygen supplemented by thiopentone and pethi- 
dine or 0.5 to 1 per cent halothane, and with 15 
per cent cyclopropane in oxygen (Fink, 1960). 
Complete electrical silence of the abdominal 
obliques is not necessary for adequate relaxation. 
Entirely satisfactory operating conditions often 
prevail in the presence of quite strong electrical 
activity (fig. 1). As the effect of the relaxant wears 
off and muscle tension returns, the activity 
gradually increases and eventually more relaxant 
drug becomes necessary. The reference level is 
established by noting the electrical activity when 
tension first becomes detectable. Strictly speaking, 
the tolerable level of actitity must be determined 
empirically for each patient. However, it does 
not vary much from one patient to another, and 
in practice the same reference level can be used 
for most cases. Approach to this level in the 
integrated e.m.g. serves as a warning that more 
drug will soon be required. Intensification of the 
activity is gradual and usually extends over several 
minutes, so that adequate time for preventive 
treatment is available. With a short-acting drug 
like suxamethonium, a fixed dose of say 50 mg 
may be injected and the duration of action deter- 
mined from the interval between approaches to 
the critical e.m.g. level. When observed by this 
method, the average requirement for suxame- 
thonium in prolonged abdominal operations was 
found to diminish progressively from 360 mg 
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Respiratory variations of the electromyogram during four successive increases in 
controlled ventilation. The traces from above down are (1) airway pressure, upward 
deflection denotes increase; (2) e.m.g. of diaphragm; (3) e.m.g. of abdominal 
oblique. Note the reciprocal activation of the diaphragm and the abdominal wall 
muscles (extreme left). Hypocapnoea abolishes rhythmic activity in both the 
diaphragm and the abdominal wall; postural contraction of the external oblique 
persists (extreme right). Time lines: 1 second. Female, halothane, nitrous oxide 
and oxygen anaesthesia. 


per hour at the onset to about 150 mg per hour 
four hours later. The reason for this decrease is 
not clear. Accumulation of succinyl-monocholine, 


onset of so-called dual block (Churchill-David- 
son, Christie and Wise, 1960) decreased stimu- 
lation, or even accommodation to surgical stimuli 
may play a part. It should be mentioned that 
tachyphylaxis to suxamethonium seems to result 
when muscles are stimulated by supramaximal 
electric shocks (Poulsen and Hougs, 1957). 


DIFFERENTIAL DIAGNOSIS OF APNOEA 


Three varieties of apnoea can be distinguished 
with the aid of abdominal electromyography. 
Breath-holding, as in a Valsalva manoeuvre or in 
laryngeal spasm, is characterized by strong con- 
tinuous activity of the abdominal wall muscles. 
By comparison the activity during hypocapnic 
apnoea is continuous, but weak. On the other 
hand, in apnoea due to neuromuscular block, there 
is absence of activity if the block is complete, 
although traces of the respiratory rhythm remain 
if the block is partial. 


ELECTROMYOGRAPHY OF THE HUMAN DIAPHRAGM 
The technique introduced by Nieporent in 1956 
is safe and simple. The exploring electrode is 
inserted through a lower intercostal space, at a 


distance of two to three inches from the costal 
margin in order to avoid the slips of origin of the 
abdominal wall muscles. The needle first makes 
contact with the lower rib and then is pointed 
upward and advanced through the intercostal 
muscle and costophrenic sinus, preferably during 
expiration. The intercostal usually is found to 
exhibit activity throughout the respiratory cycle. 
When the diaphragm is entered a sharp increase 
in activity occurs with inspiration, while the 
activity in expiration diminishes or disappears. 
The diaphragm technique has been used in over 
fifty patients; there have never been any sequelae. 

Electrically the diaphragm is an extension of 
the respiratory centre. By observing the cessation 
and return of e.m.g. activity during alternating 
over- and under-ventilation, the respiratory 
threshold tension of carbon dioxide can be deter- 
mined. In end-expiration it was found to lie 
between 38 and 43 mm Hg with light thiopen- 
tone, nitrous oxide and oxygen anaesthesia (Fink 
et al., 1960) and slightly lower with halothane 
(Hanks, Ngai and Fink, 1961). The electrodes 
can be inserted through a local anaesthetic weal 
in unanaesthetized subjects and are well tolerated; 
however, in the waking state overventilation fails 
to define a respiratory threshold tension of carbon 
dioxide. This is attributable to the persistence of 
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a respiratory stimulus independent of carbon 
dioxide (Fink, 1961) and is apparently associated 
with cerebral activity accompanying wakefulness. 


COMBINED MONITORING WITH THE 
ELECTROMYOSCOPE 


It is interesting to note that the heart beat can 
be monitored simultaneously with the abdominal 
e.m.g. For this purpose the indifferent electrode 
is placed at some distance from the exploring 
electrode, for example at the shoulder. A large 
pulse due to the QRS wave is observed at each 
heart beat, with intervening smaller pulses 
emanating from abdominal muscle activity. Since 
the latter show the respiratory rhythm as well 
as the abdominal wall tension, all three functions 
are observable in a single monitor. 


SUMMARY 


Electromyography during general anaesthesia has 
a distinct sphere of usefulness, particularly in 
conjunction with mechanically controlled venti- 
lation. The integrated electromyogram is an 
extremely sensitive guide to changes in res- 
piratory and tonic activity of the abdominal 
muscles. It constitutes an interesting adjunct to 
close observation of surgical patients in the 
operating room. 
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THE CARDIOVASCULAR ACTIONS OF SUXAMETHONIUM IN THE CAT 


BY 


C. M. Conway 
Department of Anaesthetics, Hammersmith Hospital and Postgraduate 
Medical School, London 


Since the discovery in 1949 of the neuromuscular 
blocking activity of suxamethonium (Bovet et al., 
1949; Phillips, 1949) and the subsequent intro- 
duction of this drug into clinical practice in 
1951 there have been several publications on the 
cardiovascular effects of this compound both in 
experimental animals and in man. The most 
comprehensive account of the actions of suxa- 
methonium was given by Thesleff (1952), who 
showed that large doses of this drug in cats caused 
a nicotinic rise in blood pressure. In man, two 
cardiovascular effects of suxamethonium have 
been reported: a moderate rise in blood pressure 
accompanied by a slight tachycardia, seen most 
often in patients having a continuous infusion of 
suxamethonium (Foldes, 1957); and a transient 
bradycardia of varying severity, seen most often 
in patients receiving intermittent injections of this 
drug and often abolished by atropine (Johnstone, 
1955; Leigh et al., 1957). 

The present series of experiments were planned 
firstly to substantiate the findings of Thesleff on 
the cardiovascular actions of suxamethonium in 
the cat, using spinalized animals rather than 
animals anaesthetized with chloralose, and 
secondly to ascertain whether an atropine-sensitive 
bradycardia could be produced in the cat by this 


drug. 


METHODS 


Sixteen cats in all were studied. Of these, twelve 
were spinalized under ether anaesthesia. After 
spinalization respiration was maintained by a 
Starling pump, the blood pressure was recorded 
from a carotid artery using a mercury manometer, 
and a continuously recording electrocardiogram 
was used to measure heart rate and to record any 
alterations that might occur in the cardiac com- 
plexes. Drugs were given through a catheter 
inserted into an external jugular vein. 


The remaining four cats, of whom two were 
anaesthetized with ether and two with intraperi- 
toneal pentobarbitone, had intact central nervous 
systems and were studied in the same way as were 
the spinal preparations. In these intact animals no 
difficulties were experienced in initiating and 
maintaining controlled respiration after an initial 
large dose of suxamethonium had been given. 

Two of the spinal cats and two of those with 
intact brains had been treated with reserpine 
prior to the experiments in order to deplete the 
animals’ catecholamine stores and to perform a 
chemical sympathectomy. 


RESULTS 


In the majority of animals studied no cardiovas- 
cular effects were obtained with doses of suxame- 
thonium of less than 0.5 mg/kg. In this, and in 
higher doses, the initial injection of suxametho- 
nium produced violent fasciculation which did 
not recur with subsequent injections. 

In both spinal and intact cats, suxamethonium 
in doses of 0.5 to 10 mg/kg had a biphasic effect 
on blood pressure, causing an initial transient fall 
in pressure followed by a more sustained rise in 
pressure (figs. 1 and 2). This action was not 
affected by antihistamines. The pressor response 
to 4 mg/kg of suxamethonium was of the same 
order as that produced by 2 ug/kg of adrenaline 
and 1 »g/kg of noradrenaline (fig. 3). The initial 
fall in pressure could be abolished by atropine 
and the rise in pressure could be abolished by 
hexamethonium (fig. 4). 

In spinal cats the blood pressure alteration pro- 
duced by these doses of suxamethonium were not 
accompanied by any significant alterations in heart 
rate. In intact animals there was a moderate in- 
crease in heart rate with this dose range of suxa- 
methonium. This increase was of the order of 
10 to 20 per cent of the initial rate and could be 
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Spinal cat, 3.5 kg. Effects on blood pressure of two Spinal cat, 3 kg. Effects on blood pressure of repeated 
doses of 4 mg/kg of suxamethonium. injections of 2 mg/kg of suxamethonium. The first 
three injections were given at 10-minute intervals, and 
the fourth was given 2 hours later. (In this and in 
subsequent figures the kymograph has been turned 
of when the peak effect has been reached in order to 
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Spinal cat, 2.8 kg. Effects on blood pressure of suxamethonium 4 mg/kg, 
adrenaline 2 and 4 ug/kg, and noradrenaline 1 and 2 “g/kg. 
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prevented by section of both vagus nerves, with 
no consequent modification of the blood pressure 
responses. In no animals, either spinal or intact, 
did bradycardia occur. 

In both spinal and intact cats, doses of suxa- 
methonium greater than 10 mg/kg caused a more 
marked rise in blood pressure (fig. 4), accompanied 
by a pronounced increase in heart rate. This effect 
of larger doses of suxamethonium did not occur 
in animals that had been previously treated with 
reserpine. 

All the responses obtained were repeatable and 
tachyphylaxis did not occur even after repeated 
injections of suxamethonium at short intervals for 
several hours (fig. 2). 


DISCUSSION 


The cardiovascular effects of suxamethonium 
were first studied by Hunt and Taveau (1906, 
1911). These workers using auaesthetized and 
curarized rabbits and hares, found that suxame- 
thonium usually caused a bradycardia and fall in 
blood pressure, which they ascribed to central 
vagal stimulation. After vagal section suxame- 
thonium caused a marked and sustained rise in 
blood pressure. Bovet and his co-workers (1951), 
working with dogs under chloralose anaesthesia, 
showed that large doses of suxamethonium (more 
than 10 mg/kg) caused a rise in heart rate and 
blood pressure, which was occasionally preceded 
by a bradycardia and fall in blood pressure. 
Thesleff (1952) showed that in chloralosed cats 
suxamethonium in doses greater than 2 mg/kg 
caused a rise in blood pressure with no alteration 
in heart rate. This pressor effect could be almost 
totally abolished by ganglion blocking agents. Fe 
also showed that more than 30 mg/kg of suxa- 
methonium could cause a bradycardia, which could 
be prevented by atropine. Very large doses of 
suxamethonium caused a less marked rise in blood 
pressure which was followed by a fall in pressure. 
The nicotinic nature of the cardiovascular res- 
ponses to suxamethonium in the cat were con- 
firmed by Somers (1953), who could obtain no 
muscarinic effects with this drug. 

In all the papers mentioned above the effects of 
suxamethonium were studied in anaesthetized 
animals with intact central nervous systems, and 
it is possible that in some of the experiments 
compensatory cardiovascular reflexes were occur- 
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Spinal cat, 3.5 kg. Upper tracing shows effects of 
of 2 mg/kg of suxamethonium. Middle tracing shows 
effects of same dose of suxamethonium after 3 mg/kg 
of hexamethonium. Lower left-hand tracing shows 
effects of same dose of suxamethonium after hexame- 
thonium and atropine, 150 “g/kg. Lower right-hand 
tracing shows effect of 20 mg/kg of suxamethonium 
after hexamethonium and atropine. 
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ring as a result of the circulatory effects of suxa- 
methonium. 

In the experiments described in this paper it is 
possible to distinguish several different patterns 
of activity of suxamethonium on the cardiovascular 
system. The rise in blood pressure produced by 
0.5 to 10 mg/kg of suxamethonium, which could 
be abolished by hexamethonium appears to be 
due to a nicotinic stimulation of ganglia. The fall 
in blood pressure that preceded this rise, which 
was abolished by atropine, and which was not 
accompanied by any bradycardia, is more difficult 
to explain. It could be due to an anticholinesterase 
activity, which has been demonstrated for suxa- 
methonium (Evans et al., 1952; Foldes et al., 
1953; Rhodes and Foldes, 1953), to a direct 
depressant action of suxamethonium on the heart, 
with consequent reduction in cardiac output, or 
to a direct action of suxamethonium on peripheral 
blood vessels with a consequent reduction in 
peripheral resistance. Such a direct effect of suxa- 
methonium on blood vessels in the cat has been 
demonstrated by Wahlin (1960). 

The mild tachycardia seen only in animals with 
intact central nervous systems, which could be 
abolished by vagal section, could be due either to 
a direct central action of suxamethonium or to 
a reflex travelling via the vagus nerves. As suxa- 
methonium is a bis-quaternary ammonium com- 
pound and exists in the body in a highly ionized 
state, penetration of the blood-brain barrier by 
this molecule is an improbable event, and a reflex 
action is a more likely explanation of this tachy- 
cardia. 

The marked rise in blood pressure and heart 
rate that occurred with larger doses of suxame- 
thonium appears to be due to adrenaline release, 
as this effect could not be obtained in animals 
treated with reserpine. 

The failure of these experiments to demon- 
strate any reduction in heart rate in response to 
suxamethonium may be a manifestation of species 
difference in sensitivity towards suxamethonium 
in man and in the cat. 


SUMMARY 
The cardiovascular actions of suxamethonium 
were studied in twelve spinal cats and four cats 


with intact central nervous systems. 
Suxamethonium in doses of 0.5 to 10 mg/kg 


caused an initial transient fall in blood pressure 
followed by a more sustained rise in pressure in 
both spinal and intact cats. In spinal cats there 
were no alterations in heart rate; in intact cats 
there was a moderate tachycardia which could 
be abolished by vagal section. The fall in pres- 
sure could be prevented by atropine and the rise 
in pressure could be abolished by hexamethonium. 

Doses of suxamethonium greater than 10 mg/kg 
caused a more marked rise in blood pressure 
accompanied by a marked tachycardia. This effect 
of larger doses of suxamethonium did not occur in 


animals treated with reserpine. 
The significance of these findings is discussed. 


ACKNOWLEDGMENTS 


I am indebted to Dr. J. P. Payne for advice and 
criticism during the course of this work, and to Mr. 
R. Tennant and Miss Diana Bryant for their technical 
assistance. 


REFERENCES 


Bovet, D., Bovet-Nitti, F., Guarino, §., Longo, V. G., 
and Marotta, M. (1949). Propieta farmacodyna- 
miche di alcuni derivati della succinilcolina 
dotati di azione curarica. R.C. Ist. sup. Sanitd., 
12, 106. 

sur les poisons curarisants de synthése: succinyl- 
choline et dérivés aliphatiques. Arch. int. Phar- 
macodynam., 88, 1. 

Evans, F. T., Gray, P. W. S., Lehmann, H., and Silk, 
E. (1952). Sensitivity to succinylcholine in rela- 
tion to serum cholinesterase. Lancet, 1, 1229. 

Foldes, F. F. (1957). Muscle relaxants in Anesthesio- 
logy, 1st ed., p. 114. Springfield, Illinois: Thomas. 

—— MeNall, P. G., Davis, D. L., Ellis, C. H., and 
Wnuck, L. A. (1953). Substrate competition 
between procaine and succinylcholine diiodide for 
plasma cholinesterase. Science, 117, 383. 

Hunt, R., and Taveau, R. de M. (1906). On the physio- 
logical action of certain cholin derivatives and 
new methods for detecting cholin. Brit. med. J., 
2, 1788. 

—— —— (1911). The effects of a number of deriva- 
tives of choline and analogous compounds on the 
blood pressure. Bull. U.S. hyg. Lab., 73, 11. 

Johnstone, M. (1955). Relaxants and the human car- 
diovascular system. Anaesthesia, 10, 122. 

Leigh, M. D., McCoy, D. D., Belton, K., and Lewis, 
G. B. (1957). Bradycardia following intravenous 
administration of succinylcholine chloride to 
infants and children. Anesthesiology, 18, 698. 

Phillips, A. P. (1949). Synthetic curare substitutes from 
aliphatic dicarboxylic acid amino-ethyl esters. 
J. Amer. chem. Soc., 71, 3264. 


- 
| 
ie 
| 
| 
4 ig 
| 
‘ 


: 


564 


Rhodes, D. H. jr., and Foldes, F. F. (1953). In vitro 
substrate competition between procaine and 
succinylcholine for plasma cholinesterase. Fed. 
Proc., 12, 360. 


Somers, G. F. (1953). Studies on the pharmacology of 
succinylcholine. Brit. J. Pharmacol., 8, 19. 


BRITISH JOURNAL OF ANAESTHESIA 


Thesleff, S. (1952). The pharmacological properties of 
succinylcholine iodide (with particular reference 
to its clinical use as a muscle relaxant). Acta 
physiol. scand., 26, 103. 


Wahlin, A. (1960). The actions of succinylcholine on 
the peripheral blood vessels of the cat. Acta 
anaesth. scand., 4, 21. 


BOOK REVIEW 


The Conquest of Pain. By Ronald Woolmer. Pub- 
lished by Cassell, London. Pp. 171; illustrated. 
Price 18s. 

There may be good reasons for telling the public 

about anaesthesia; publicity in a good cause seldom 

does harm. Professor Woolmer has set himself the 
task of revealing to those laymen who are interested, 
not merely the fundamentals of anaesthetic theory 
and practice, but also some of the more recherchés 
byways of hypothermia, cardiac surgery and the like. 

It is doubtful if such an ambitious programme could 

ever be wholly successful, even from so talented a 

man as the author, because of the impossibility of 

assessing the standard of knowledge of the people who 
will want to read this book. Nevertheless, although 
not the first of such ventures, this is undeniably the 
best yet published; its plan is good, and the text is 
lucid. The expert will notice some minor errors and 
at least one obsolete theory: that of the mode of 
action of anaesthetic drugs (but this is probably an 
intentional simplification). However, the main diffi- 
culty, mentioned above. is fundamental: for the 


description of all the complicated aspects of anaes- 
thesia with minimal use of specifically medical terms 
and for the benefit of readers without medical 
knowledge, a great many words suitable only for the 
highly educated must, for the sake of brevity, be 
used. Professor Woolmer falls between two stools; he 
uses profusely what might be called “dictionary” 
words; and yet he tries to appeal at times to the 
uneducated by dropping into a dialogue more suit- 
able for an episode in “Emergency Ward 10” than for 
a serious book. 

Nevertheless, this book is a worthy effort. Those 
laymen who read it will learn much of the great 
potentialities of modern anaesthesia, and will realize 
that our art consists of more than the mere injection 
of a sleep-producing drug. It seems likely that this 
book will prove of greatest use to nurses and junior 
medical students, to all of whom it would well serve 
as a fascinating introduction to anaesthesia. 

The illustrations are good and in keeping with the 
subject, and are much more numerous than one would 
expect from the rather modest price. 

M. H. Armstrong Davison 
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ALTERATIONS IN RESPONSE TO SOMATIC PAIN ASSOCIATED WITH 
ANAESTHESIA 


VIII: THE EFFECTS OF ATROPINE AND HYOSCINE 
BY 


Joun W. Ropert M. NICHOLL AND JAMES Moore 


IN previous papers from this department, the effects 
of various premedicants on the response to somatic 
pain have been reported (Dundee and Moore, 
1960; Moore and Dundee, 196la, b). While 
opinions vary as to the best form of pre-anaesthe- 
tic medication, there is unanimous agreement on 
the need for an antisialogogue drug before general 
anaesthesia. Although a large number of these 
preparations are available, the majority of anaes- 
thetists use atropine or hyoscine. In view of this, 
it was felt that the effects of these two drugs on 
the appreciation of pain warranted detailed study. 
This paper reports the results of such an investi- 
gation. 

The clinical significance of the findings is dis- 
cussed with particular reference to the action of 
methohexitone and the relevant literature con- 
cerning the mechanisms involved in the effects of 
these drugs on pain threshold is reviewed. 

It has been shown by Mushin, Galloon and 
Lewis-Faning (1953) that the 0.6 mg dose 
of atropine leaves much to be desired as an 
effective pre-anaesthetic drying agent. This finding 
was confirmed by Galloon (1956) and Wyant and 
Dobkin (1957) although Diamant and Feinmesser 
(1959) found 0.5 mg of this drug to be satisfac- 
tory. However, there is no reliable information on 
the comparative potency of atropine and hyoscine 
other than the work of Wyant and Dobkin (1957) 
who gave 0.2 mg of each drug to volunteers and 
found hyoscine to be the more effective and 
reliable antisialogogue. 


METHODS 


Atropine was used in the form of the sulphate 
and the effect of 0.6 mg (1/100 grain) was studied 
in detail in view of its widespread use as pre- 
anaesthetic medication in adults. Failure to con- 
firm published findings with this dosage led to a 
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study of the action of 1.3 mg (1/50 grain) in a 
small number of subjects. Hyoscine hydrobromide 
(Scopolamine) was studied in a dosage of 0.4 mg 
(1/150 grain) for two reasons. First this amount is 
present in the commercially available ampoules 
either alone or combined with 21 mg papavere- 
tum or 100 mg pethidine. This dose is also em- 
ployed in obstetric analgesia (Cullhed and 
Lofstrom, 1961). 

The response to somatic pain was estimated by 
the gradual application of a measurable degree 
of pressure to the anterior surface of the tibia as 
described by Dundee and Moore (1960). Two 
end points were determined on each subject: 

(a) when the sensation of pressure changed to 
pain (threshold) and 

(b) when pain became unbearable or the 
patient moved the limb in response to the 
stimulus (response). 

When the drugs were given intravenously, a 
control reading was carried out before administra- 
tion. Further readings were taken at 5 to 10 
minute intervals thereafter and the average of the 
absolute readings in several cases expressed 
graphically. 

When the intramuscular route of administration 
was employed duplicate control readings were 
carried out immediately before injection of the 
drug under study and a further set of observations 
was made 60 to 90 minutes later. The effect of 
the drug on each subject was classified as: 

(a) decreased sensitivity to pain: rise in read- 
ings of more than one pain unit after 
administration of the drug; 

(b) increased sensitivity to pain: fall in read- 
ings of more than one pain unit after 
administration; 

(c) no change: second readings within range 
of control +1 unit. 
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The average effect of each drug was expressed 
as the analgesia index which is calculated as 
follows : 


of of fall 
in readings in readings 


Total number of observations 


This method of expressing the overall effect of a 
drug has been described by Moore and Dundee 
(1961b) but it was not then made clear how the 
authors decided on the minimum number of cases 
for calculation of the analgesia index. This is 
clarified in an appendix to this paper. 


RESULTS 


Figure 1 shows that the intravenous injection of 
atropine 0.6 mg and hyoscine 0.4 mg increased 
sensitivity to somatic pain. However, the effect of 
atropine was very transient as compared with that 
of hyoscine. 

The effects of these drugs observed 60 to 90 
minutes after injection is given in table I. This 
showed a negligible anti-analgesic action of 
atropine, even in a dosage of 1.3 mg but hyoscine 
consistently increased the sensitivity of pain. 

To study the difference between the action of 
the two antisialogogues further they were given 
intravenously 15 minutes after the administration 
of pethidine 100 mg (fig. 2). Here again the anti- 
analgesic action of the atropine was demon- 
strated but its duration was very much less than 
that of hyoscine given in a similar manner. 

From table II it can be seen that atropine 0.6 
mg did not appreciably alter the analgesia index 
of either pethidine 100 mg or perphenazine 5 mg. 
In contrast to this hyoscine 0.4 mg decreased the 
analgesic action of pethidine 100 mg and markedly 
augmented the anti-analgesic action of prometha- 
zine 50 mg. The anti-analgesic action of the latter 
combination was the most marked that the authors 
have encountered to date in a long-term study of 
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TIME IN MINUTES 


AVERAGE ALTERATIONS 


Fic. 1 


The effect of the intravenous injection of atropine 

0.6 mg (A) and hyoscine 0.4 mg (H) on the response 

to somatic pain. Figure shows changes in the averages 
of the threshold and response readings. 


the effects of premedicants on the response to 
somatic pain. This action is best illustrated when 
promethazine 50 mg and hyoscine 0.4 mg were 
given by intravenous injection (fig. 3). 

When promethazine 50 mg and hyoscine 0.4 
mg were combined with pethidine 100 mg 
(Pamergan SP.100), the analgesic action of the 
pethidine was more than neutralized, the result- 
ing mixture having a fairly marked anti-analgesic 
effect. This was in contrast to the combination 
of promethazine 50 mg, pethidine 100 mg and 
atropine 0.6 mg (Pamergan P.100) which had a 
negligible effect on sensitivity to pain. 


TABLE | 
Results of analgesimetry studies following the intramuscular injection of atropine and hyoscine. 


Percentage change in readings 


Number 


of patients Rise 


No change Fall Analgesia index 


Atropine 0.6 mg 
Atropine 1.3 mg 
Hyoscine 0.4 mg 


12 + 0.04 
28 —0.03 
40 — 0.28 
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53 16 72 
18 25 47 
20 12 48 
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Fic. 3 

The action of the intravenous injection of prometha- 
zine 50 mg and hyoscine 0.4 mg on response to 
somatic pain. Upper graph shows alterations in res- 
ponse readings while the lower graph shows the 


° iO 20 30 40 50 threshold readings. 


AVERAGE ALTERATIONS 


TIME IN MINUTES 


Fic. 2 
The effect of atropine 0.6 mg (A) and hyoscine 0.4 mg 
(H) on the analgesic effect of 100 mg pethidine (P). 
All drugs were given by intravenous injection. 
TABLE II 


The effects of the intramuscular injection of various premedications, with and without atropine or 
hyoscine on the response to somatic pain. 


Percentage change in readings 
Nil Fall Analgesia index 


Pethidine 100 mg 51 63 29 + 0.55 
Pethidine 100 mg 71 62 31 +-0.55 
Atropine 0.6 mg 

Pethidine 100 mg 27 
Hyoscine 0.4 mg 

Perphenazine 5 mg 
Perphenazine 5 mg 

Atropine 0.6 mg 

Promethazine 50 mg 

Atropine 0.6 mg 

Promethazine 50 mg 

Hyoscine 0.4 mg 

Pethidine 100 mg 
Promethazine 50 mg 

Hyoscine 0.4 mg 

Pethidine 100 mg 
Promethazine 50 mg 

Atropine 0.6 mg 


Drugs No. of cases Rise 


33 +0.25 


58 —0.12 
66 —0.14 


— 0.66 
—0.96 


—0.50 


—0.03 
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DISCUSSION 


These findings demonstrate that both atropine 
and hyoscine increase sensitivity to somatic pain 
in the doses used in clinical anaesthesia. How- 
ever, the effect of atropine is so brief as to be 
insignificant when it is given by subcutaneous or 
intramuscular injection in pre-anaesthetic medi- 
cation, with or without other sedatives or 
analgesics. 

The importance of the prolonged anti-analgesic 
action of hyoscine is best demonstrated by 
considering its effect on the course of metho- 
hexitone anaesthesia. Work from this school has 
shown that the incidence of excitatory phenomena 
(spontaneous involuntary muscle movements and 
tremors) following injection of this barbiturate is 
markedly affected by the analgesic action of the 
premedication (Dundee and Moore, 196la; 
Moore and Dundee, 196lc). With the pheno- 
thiazine derivatives, Dundee and Moore (1961c) 
demonstrated a very close relationship between 
the analgesia index of the premedication and the 
incidence of excitatory phenomena which fol- 
lowed a dose of 1.6 mg/kg methohexitone. 
Dundee and Moore (1961b) also observed that 
the pre-operative use of hyoscine increased the 
incidence of this complication as compared with 
atropine. 

These studies of the effect of a fixed dose of 
methohexitone used for induction for a standard 
operation have been extended and table III gives 
the relevant data with regard to the comparison 
of atropine and hyoscine premedication. This 
table leaves little doubt about the undesirable 
sequelae following the pre-anaesthetic use of 
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hyoscine as far as a standard dose of this bar- 
biturate is concerned. Dundee, Riding, Barron 
and Nicholl (1961) have made a similar obser- 
vation when a variable dose of methohexitone 
was used for a variety of surgical procedures. 
Preliminary unpublished findings suggest that this 
also applies to other barbiturates, including thio- 
pentone, but with this latter drug the undesirable 
effects of the hyoscine were not as marked as 
with methohexitone. 

Although it is not mentioned frequently in the 
anaesthetic literature, the effect of the antisia- 
logogues on appreciation of pain has already been 
studied in some detail. In the early papers on pain 
sensations in man from the Cornell University 
Medical College, Wolff, Hardy and Goodell 
(1940) found that a combination of morphine 
8 mg and hyoscine 0.4 mg had less effect on 
the pain threshold than morphine 8 mg alone. 
Using the same radiant heat method of analgesi- 
metry (Hardy, Wolff, and Goodell, 1940), 
Christensen and Gross (1948) found that the 
subcutaneous or intravenous injection of 0.3 mg 
of atropine or hyoscine did not alter the pain 
threshold in three subjects. However, this dose 
shortened the effective analgesic action of mor- 
phine 10 mg, methadone 2.5 mg or pethidine 
100 mg. When atropine 0.3 mg was injected 
intravenously 40 minutes after a subcutaneous 
dose of methadone, the intensity of analgesia 
immediately began to decrease and the total 
duration of analgesia was greatly shortened com- 
pared with the normal effect of a similar subcu- 
taneous dose of methadone alone. The intensity 
of pethidine analgesia was not affected by com- 


TABLE III 
Relationship between incidence of excitatory phenomena following 1.6 mg/kg methohexitone and the 
analgesia index of premedication. 


Pre-anaesthetic medication 


Sedative Antisialogogue 


Per cent incidence 


Analgesia 
excitatory phenomena 


index No. of cases 


Atropine 0.6 mg 
Hyoscine 0.4 mg 
Atropine 0.6 mg 
Hyoscine 0.4 mg 
Atropine 0.6 mg 
Hyoscine 0.4 mg 
Atropine 0.6 mg 
Hyoscine 0.4 mg 


Pethidine 100 mg 
Promethazine 50 mg 


Pethidine 100 mg/ 
Promethazine 50 mg 


+ 0.04 146 29 
—0.28 50 $2 
+0.55 150 6 
+0.25 60 18 
— 0.66 60 72 
—0.96 11 100 
—0.03 60 30 
—0.50 15 40 
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bining it with atropine or hyoscine, although 
both drugs decreased the efficacy of morphine 
and methadone. With the same method of anal- 
gesimetry Gross and others (1948) found that 
atropine 0.3 mg abolished the analgesic action 
of 25 per cent nitrous oxide and 3 per cent 
cyclopropane although neither atropine nor 
hyoscine affected the rise in pain threshold 
produced by dextramphetamine 10 mg. 

Slaughter and Gross (1939) demonstrated that 
the analgesic action of morphine was potentiated 
by neostigmine in cats. This finding has been 
confirmed by Flodmark and Wrammer (1945), 
and by Komlos, Porszasz and Knoll (1950) in 
other animals and in man and has been put io 
clinical use by Slaughter, Parsons and Munal 
(1940) and Abaza and Gregoire (1952). These 
latter workers found that the concurrent injection 
of neostigmine 0.5 mg markedly increased the effi- 
cacy of doses of 5 to 10 mg _ morphine. 
Christensen and Gross (1948), and Slaughter 
(1950) have shown that this potentiation applies 
to codeine, papaveretum, methadone and pethi- 
dine, while Bitter (1953) reported good pain relief 
from levorphanol and neostigmine in patients who 
were resistant to the analgesic action of the 
opiate alone. Pyridostigmine was also shown to 
intensify and prolong the analgesic action of 
levorphanol (Oehlandt, 1955) while both physo- 
stigmine and pilocarpine potentiate the action of 
pethidine, morphine and methadone (Porszasz, 
Knoll and Komlos, 1951). It can thus be seen 
that a variety of widely used anticholinesterases 
are capable of increasing the analgesic action of 
the commonly used opiates. Flodmark and 
Wrammer (1945), and Christensen and Gross 
(1948) have also demonstrated that neostigmine 
alone is capable of increasing the pain threshold. 

It has been suggested by Slaughter and Gross 
(1939) that the analgesic action of morphine is 
due to a depression of the cholinesterase system 
since it is increased by parasympathetic stimulant 
drugs. They also found that the morphine- 
neostigmine potentiation was antagonized by 
atropine and explained this on the grounds that 
this agent prevented the cholinergic action of both 
drugs. This might be considered a reasonable 
explanation of the findings of the present study 
also, particularly since atropine and hyoscine and 
other cholinergic compounds are known to an- 
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tagonize other cerebral effects of anticholines- 
terase drugs, such as convulsions (Holmstedt, 
1959) and paralysis of the respiratory centre 
(Krivoy, Hart and Marrazzi, 1951; Douglas and 
Matthew, 1952) resulting from organophospho- 
nous poisoning. However, more recent work has 
failed to substantiate the basic premises on which 
the hypothesis is founded. 

Using modern methods of determination of 
cholinesterase activity, Young and co-workers 
(1956) were unable to demonstrate a relation- 
ship between the analgesic action of a group of 
opiates and their anticholinesterase activity. 
Furthermore, they found that levallorphan which 
has no analgesic action whatever had a greater 
anticholinesterase activity than any of the opiates 
studied. It was found by de la Lande and 
Bentley (1955) that certain concentrations of 
morphine inhibited acetylcholine synthesis in 
whole cell preparations of brain and this action 
was shared by many of the morphine antagonists 
described by Shaw and Bentley (1952, 1955). 

Knoll and Komlos (1951) not only found no 
relationship between the pain relieving effect 
and degree of cholinesterase inhibition produced 
in the cerebral cortex by several analgesics but 
observed that the simultaneous injection of 
morphine and neostigmine did not increase the 
cholinesterase-inhibitory activity of the former in 
the brain. Komlos, Porszasz and Knoll (1950) 
and Porszasz, Knoll and Komlos (1951) found 
that one of the most potent anticholinesterases, 
tetraethylpyrophosphate, was incapable of poten- 
tiating the effect of any analgesic substance and 
concluded that the cholinergic mechanism could 
not play an important part in synergism either 
directly or by inhibition of cholinesterase. 

It is of interest to consider alternative explana- 
tions for the morphine-neostigmine synergism 
although one cannot say how much they apply 
to the findings of the present study. Knoll and 
Komlos (1952) found that the subcutaneous 
injection of peptone reduced or neutralized the 
effects of several analgesics. It also minimized 
the synergism between analgesia and para- 
sympathomimetic drugs. Further studies by 
Knoll, Komlos and Tardos (1953) implicated a 
reduction in plasma binding by the anticholines- 
terase as a possible cause for the morphine-neo- 
stigmine synergism. In a series of careful ex- 
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periments Komlos and Komlos-Szasz (1954) 
found that the action of morphine and pethi- 
dine was considerably decreased after perfusion 
through mammalian liver. This action was less 
marked when liver previously damaged by car- 
bon tetrachloride was used and it was also con- 
siderably inhibited by perfusion of the liver with 
neostigmine. However, if, after its passage through 
the liver, the weakened analgesic solution was 
autoclaved for 3 hours it regained its pre- 
perfusion potency. These findings led the authors 
to postulate that parasympathomimetic agents 
potentiate the analgesic drugs by inhibiting those 
enzymes which normally inactivate a part of the 
analgesic molecule. This theory was supported 
by the observation that injection of the neostig- 
mine 25 minutes after morphine—when its 
inactivation could not be markedly affected— 
produced a negligible increase in its analgesic 
action. 

Thus it would appear that anticholinesterases 
may potentiate analgesics by some interference 
with the normal processes by which they are 
inactivated but there is no evidence to show that 
either atropine or hyoscine antagonizes these drugs 
by hastening their inactivation. 


APPENDIX 
CALCULATION OF THE ANALGESIA INDEX 
Drugs were studied using the “double blind” technique 
and with the large number of preparations under study 
at the same time, it was unlikely that any single 
operating list would include more than two cases 


= 
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-O1 4 
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-O.2 4 
0-34 
so 
NUMBER OF READINGS 


Fic. 4 
The stabilization of the analgesic index with increasing 
number of readings, as described in the appendix 
(A=atropine 1.3 mg and H=hyoscine 0.4 mg). 
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who received the same premedication. The changes in 
threshold and response readings produced by each 
preparation were noted at the end of the operating 
session and the analgesia index of the cumulative 
total was calculated. The study was continued until 
the analgesia index, calculated on five or six suc- 
cessive occasions (with an increasing total number of 
observations) was fairly constant. Thus it could be 
ensured that this index gave an accurate reflection of 
the overall action of the drug. 

Figure 4 illustrates the results obtained when 
atropine 1.3 mg and hyoscine 0.4 mg were studied. 
At the beginning of the study, when the number of 
cases was small, the analgesia index, calculated on 
successive days, fluctuated widely. As the series 
increased so the denominator in the formula for 
calculation of the analgesia index became greater 
and eventually a constant value was obtained on five 
successive occasions with each drug. 
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CORRECTION 


It is regretted that in the September issue of the 
Journal the following figures were inverted: 
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THE CHOICE OF ANAESTHESIA AND ITS INFLUENCE ON PERINATAL 
MORTALITY IN CAESAREAN SECTION 


(A review of the use of thiopentone and suxamethonium over the ten-year 
period 1952-1961) 


BY 


R. J. HAMER HopGes AND M. E. TUNSTALL 
St. Mary’s Hospital, Portsmouth, England 


THE operation of Caesarean section has always 
posed a problem for anaesthetists. In elective 
sections it has often been maintained that con- 
duction block techniques are safer for -mother 
and infant (Apgar, 1953; de Carle, 1954; Lund, 
1955; Hingson and Hellman, 1956; Apgar et al., 
1957) but unfortunately very few can quote 
results as good as the experts (Widdicombe, 
1954). Spinal anaesthesia in particular has been 
associated with a high maternal mortality 
(Bishop, 1956), neurological complications and 
sequelae (Thorsén, 1947; Kennedy et al., 1950). 
This technique has been regarded as the most 
dangerous type of anaesthesia for pregnant 
women (Greenhill, 1952), and all forms of con- 
duction anaesthesia are regarded as unsuitable in 
emergencies and haemorrhagic conditions (Hing- 
son and Hellman, 1956; Apgar et al., 1957; 
Bonica, 1957; Dinnick, 1957; Ebbli and Bar- 
ricalla, 1959; Crawford, 1959; Moya, 1960; 
Abramson, 1960). Unfortunately the traditional 
general anaesthetics also are associated with 
maternal dangers due to vomiting and regurgita- 
tion and are dangerously depressant to the foetus 
(Lund, 1955; Apgar, et al., 1957; Roberts et al., 
1957; Donald, Kerr and MacDonald, 1958; 
Sjéstedt and Rooth, 1958; Phillips, 1959). 
Attempts have been made to overcome the dis- 
advantages of both conduction and general 
anaesthesia. In North America epidural techniques 
are slowly replacing spinal subarachnoid blocks 
but in this country the emphasis remains on 
general anaesthesia. Traditional obstetric anaes- 
thesia can be improved with the aid of modern 
techniques and drugs, and various combinations 


of the old and the new have been advocated 
(Gray, 1947; Davenport and Prime, 1950; Wylie, 
1953, 1955; McKechnie and Converse, 1955; 
Crawford and Kane, 1956; Bingham, 1957; 
Duffield et al., 1958). There seems to be no 
general agreement, however, as to the optimum 
technique, and there remains a general reluctance 
to abandon completely the traditional agents for 
general anaesthetic maintenance, although the 
advantages of so doing have been noted (Kolstad 
and Schye, 1957; Dance and Ward, 1958). 

The first report of a comprehensive series of 
obstetric anaesthetics (600) conducted under a 
standardized technique using a minimal dose of 
thiopentone for induction and suxamethonium, 
nitrous oxide and oxygen for maintenance was 
published from this unit (Hodges et al., 1959a). 
This technique (referred to throughout this paper 
as the “standard” technique and outlined below) 
gave promise of being associated with a higher 
degree of maternal and foetal safety than any 
general anaesthetic technique previously described 
for obstetrics. 


PURPOSE OF PAPER 


Experience with the standard technique now 
extends over 10 years (1952-1961) and it is the 
present purpose to review the results with par- 
ticular reference to the maternal and foetal safety 
factors, and the operative perinatal mortality and 
morbidity. Previous comparisons of maternal and 
foetal mortality and morbidity associated with cur- 
rently used obstetric anaesthetic techniques are no 
longer valid. Because of the great advances that 
have been made in general anaesthesia a complete 
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reassessment is necessary. The particular value 
of the combination of thiopentone, suxame- 
thonium, nitrous oxide and oxygen in Caesarean 
section is reassessed in this light and an argu- 
ment is presented for regarding this sequence as 
the technique of choice at the present time. 


MATERIAL AND METHOD 


In the period 1952-1961 more than 2,000 patients 
(including 1,529 having operative deliveries) have 
been anaesthetized using the ‘standard’ technique 
in the obstetric unit of St. Mary’s Hospital 
Portsmouth (table I). During the period 1952- 
1954 all anaesthetics were administered by one 
of us (R.J.H.H.) during an early clinical trial of 
suxamethonium. The lack of demonstrable effect 
on the infant was noted and in 1955 the tech- 
nique was standardized for obstetrics and became 
more widely used in this department. In 1957 a 
controlled study was undertaken comparing the 
standard with the more traditional techniques 
(Hodges et al., 1959a). Since then the technique 
has been universally adopted in the obstetric- 
anaesthetic department (Hodges and Foley, in 
preparation) and a complete reassessment has been 
carried out. All details were collected using the 
specially designed obstetric-anaesthetic record 
card (Hodges, 1959) and the 654 consecutive 
Caesarean sections (1957-1961) are the subject 
of the main analysis. 


THE STANDARD ANAESTHETIC TECHNIQUE 


All patients are premedicated with atropine 0.6 
mg. In all patients in whom pre-operative foetal 
distress is present, and in many patients in whom 
antepartum haemorrhage is a complicating factor, 
pre-oxygenation of the mother is carried out. On 
a standard operating table in a steep head-up 
position a sleepdose of thiopentone (usually 
200-250 mg) followed by suxamethonium 50 mg 
is administered rapidly intravenously. After gentle 
inflation of the lungs with oxygen, and as soon 
as muscle fasciculations cease, endotracheal intu- 
bation with a cuffed tube is performed, and the 
table is lowered into a slight head-down position. 
Anaesthesia is maintained with nitrous oxide 


(6 1./min) and oxygen (3-4 1./min) and no other 
agent is used before delivery of the infant but 
intermittent injections of suxamethonium are 
administered to control reflex movements and to 
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facilitate controlled respiration using a standard 
Magill system. Immediately prior to delivery the 
patient’s lungs are inflated with 100 per cent 
oxygen. After the umbilical cord has been 
clamped, further thiopentone is administered and 
the addition of other agents may be desirable as 
the return of the patient’s spontaneous respira- 
tions allows the anaesthetist more freedom of 
movement. Anaesthesia is maintained at a light 
level, however, suxamethonium being used for 
abdominal closure. All patients have active laryn- 
geal and pharyngeal reflexes before extubation. 


RESULTS 


There has been no operative maternal death in 
the series of 2,000 obstetric patients (table 1). 
In the group of 654 Caesarean sections forming 
the subject of the main analysis, two mothers died 
in the late postoperative period; one from a 
cerebral neoplasm and the other from a pul- 
monary embolus occurring on the twenty-sixth 
postoperative day. 

In figure 1 the total incidence of the main indi- 
cations for Caesarean section is shown, naturally 
many of these indications being co-existent. The 
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TaBLe | 
Total number of obstetric patients anaesthetised with thiopentone, suxamethonium, nitrous 
oxide and oxygen, using head-up tilt for induction (1952—1961) 
Other 
procedures 
29 
444 
473 


Caesarean 
sections 


93 
654* 


747 


Forcep 
deliveries 


69 
713 


782 


1961—First quarter. 
*These patients are the subjects of particular study. 


Total 


191] 
1811 


2002 


Period 


1952—56 
1957—61 


Total 


TABLE II 


Some maternal clinical factors associated with 654 consecutive Caesarean sections, all conducted 
under thiopentone, suxamethonium, nitrous oxide and oxygen anaesthesia (1957—1961) 


Recent 
incidence 


No. of 
patients 


Clinically poor or serious maternal anaesthetic risk 
Patients receiving blood transfusion (+ plasma etc) 
Patients showing profound hypotension associated with blood loss 
Patients known to have had full meal within 3 hours of operation 
Patients in whom stomach tube was used pre-operatively 3 


Technical difficulties arising during anaesthesia: 
Failed intubation 
Difficult intubation 
Regurgitation during induction 
Vomiting during induction 
Bronchospasm after intubation 

Technical difficulties arising after anaesthesia: 
Postoperative respiratory inadequacy 


Atelectasis (24 and 48 hours postoperatively) 


Vomiting causing difficulty 


5-7 
15-4 
0-9 
4-7 
0-5 


37 
101 
6 
31 


most commonly occurring indications were foetal 
distress (36 per cent) and antepartum haemor- 
rhage (31 per cent). 

Table II lists some of the clinical factors in 
the 654 Caesarean sections. Many patients had 
been eating and drinking during the 3 hours 
before operation and thirty-one (4.7 per cent) had 
recently eaten a full meal. Thirty-seven patients 
(5.7 per cent) were considered to be poor or 
serious anaesthetic risks and 101 (15.4 per cent) 
needed blood transfusions during anaesthesia. 

In six of these patients persistent hypotension 
associated with blood loss caused some anxiety 
during anaesthesia. 

The incidence of technical anaesthetic diffi- 
culties was low; 1.6 per cent during anaesthesia 
and 0.8 per cent postoperatively. On one occasion 
endotracheal intubation was impossible and in 


four instances difficult. Two patients regurgitated 
a small amount of fluid before intubation, which 
pooled in the posterior pharynx. No inhalation 
of fluid occurred and neither patient suffered 
any immediate or remote sequelae. Three patients 
suffered from inadequate respiratory function 
postoperatively necessitating treatment. In each 
case this followed the prolonged administration 
of posterior pituitary extract (Pitocin) pre- 
operatively and responded to treatment with 
neostigmine (Hodges et al., 1959b). Postopera- 
tive vomiting occurred in twenty patients but 
presented no difficulties. 

The induction to delivery interval (IDI) is 
defined as the time between the commencement 
of the intravenous thiopentone injection and the 
moment of birth. Figure 2 shows the distribution 
of the IDI in the group of 654 Caesarean sections. 
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NUMBERS OF INFANTS. 


TIME IN MINUTES FROM INDUCTION 


Fic. 2 


The induction-delivery interval in 654 infants delivered 
by Caesarean section. 


The “classical” operation was performed in 
eighteen patients (2.8 per cent), the remainder 
having lower segment operations. In forty patients 
an IDI in excess of 19 minutes was associated 
with prolonged obstetric examinations or mani- 
pulations after anaesthesia was commenced but 
before the decision was made to perform a 
Caesarean section. In the remaining 614 infants, 
326 (53 per cent) were delivered within 7 minutes 
of induction, 417 (68 per cent) within 9 
minutes and 501 (82 per cent) within 11 minutes. 
An IDI of less than 3 minutes was recorded 
in 48 infants (including six classical sections). 
An IDI longer than 7 minutes was usually 
associated with routine diagnostic and therapeutic 
procedures after induction of anaesthesia, or with 
operations undertaken by obstetric registrars 
under instruction in patients whose infants were 
mature and healthy. Infants with pre-operative 
distress were delivered more quickly than those 
without and in twenty-three patients operated on 
for prolapsed cord in the first stage of labour the 
mean IDI was 5.5 minutes. 

Table III shows the corrected perinatal mor- 
tality in the 654 infants delivered by abdominal 
section during the period 1957-61 (table I). The 
corrected mortality includes all first week infant 
deaths of more than 28 weeks gestation but ex- 
cludes congenital abnormalities incompatible 
with life and intra-uterine deaths which took place 
prior to Caesarean section. Four other premature 
infant deaths were excluded as the mothers 


ANAESTHESIA AND ITS INFLUENCE ON PERINATAL MORTALITY 


575 


had been in a special high risk class with a 
history of habitual abortions, and were being 
treated by hormone therapy. These latter 
patients will be reported on separately (Foley, in 
preparation). It is of interest to note that all 
except two of the perinatal deaths took place 
within 48 hours and only three further neonatal 
deaths occurred in the second to fourth week of 
life, two from congenital heart disease and one 
from co-incidental meningitis. These three neo- 
natal deaths and also those excluded on the 
grounds of previous intra-uterine death have been 
considered in the mortality of the whole obstetric 
unit reported elsewhere (Hodges and Foley, in 
preparation). 

In this series 65 per cent of the total mortality 
was associated with prematurity,* 46 per cent 
with pre-operative foetal distress, and 33 per cent 
with antepartum haemorrhage. The data in table 
III have, therefore, been divided according to 
the deaths associated with these three conditions. 
The data are further divided into infants delivered 
before and after 7 minutes of induction of anaes- 
thesia. This was done because it has been shown 
(Hodges et al., 1960) that there is a statistically 
significant increase in mildly delayed respiratory 
activity at birth in infants with an IDI of 7 to 
11 minutes (probably due to a minimal transient 
thiopentone effect) and further respiratory depres- 
sion in infants with an IDI of more than 15 
minutes (associated with complicated operative 
cases). The arbitrary division into groups in which 
these two factors did and did not operate would 
appear to be justified. In the group of 528 
mature infants the perinatal mortality was 1.7 
per cent (two stillbirths; seven first-week deaths). 
Both the stillbirth deliveries were suffering from 
pre-operative foetal distress and both were post- 
mature (42 and 44 weeks). One was also associ- 
ated with a concealed accidental haemorrhage and 
abdominal extraction was difficult, the IDI being 
15 minutes. In the mature group (which also 
included all the post-mature infants) foetal dis- 
tress was associated with an increased mortality 
(3.7 per cent), but antepartum haemorrhage was 
not (1.9 per cent). 

In the group of 126 premature infants the 
mortality was 13.5 per cent. There was no ir- 


“Premature infant being 2,500 g or less in weight. 
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crease in mortality associated with foetal distress 
except in those few infants in which antepartum 
haemorrhage also occurred. There was no still- 
birth in the premature group. 

Details of the twenty-four first-week deaths are 
given in table IV. In the mature group all the 
deaths followed emergency Caesarean section. 
Three infants died from the immediate or late 
effects of intrapartum asphyxia. Two of these 
were postmature (42 and 44 weeks) and all three 
suffered from gross foetal distress pre-operatively. 
In the third infant the foetal heart had become 
inaudible pre-operatively and an apparent still- 
birth was delivered. External cardiac massage and 
endotracheal oxygenation restored the heart beat 
and respiration but the infant subsequently died. 

Of the seventeen deaths in the premature group 
the mortality appears to be associated primarily 
with prematurity in itself in eight instances. 
In only one infant were the autopsy findings fully 
consistent with intrapartum asphyxia and this 
infant was suffering from severe pre-operative 
distress and the mother was pre-eclamptic. In 
two other infants intrapartum asphyxia was pos- 
sibly associated as a cause of death but one of 
these infants weighed less than 1,000 g. None 
of the perinatal deaths could be attributed to 
anaesthesia but in three deaths directly associated 
with intrapartum asphyxia it is impossibie to 
exclude anaesthesia entirely as a minor contribu- 
tory factor. 

Mortality rates are, however, merely the 
measure of an end result. The salvage of a 
grossly asphyxiated infant, after a long period 
of cyanosis or respiratory distress, may improve 
the perinatal death rate but the survival of a 
potential cerebral cripple can hardly be called a 
success. The respiratory activity of the infant at 
birth is a more refined measure of the success of 
the technique. 

Figures 3, 4 and 5 show the relationship 
between the time taken to establish regular res- 
pirations in specific clinical conditions and the 
induction-delivery interval. All infants includ- 
ing those stillbirths ultimately excluded from 
the corrected mortality, are included in these 
figures. Most of the infants who established 
regular respiratory activity within 60 seconds of 
delivery did so at, or during, birth. After 60 
seconds these infants had cried vigorously, had no 
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Fic. 3 
Respiratory activity at birth in 654 Caesarean sections. 


bradycardia, had good muscle tone and were not 
cyanotic. None required resuscitation and would 
by the Apgar system (Apgar, 1953) score 7-10 
points. These infants are classified as “fully 
active.” This term is used hereafter in this sense. 
For the purpose of statistical analysis the incidence 
of fully active infants in the different groups has 
been compared. 

Figure 3 shows that, of the total of 654 infants 
born by Caesarean section, 432 (68 per cent) were 
fully active at birth and 82 per cent established 
regular respirations within five minutes. Figure 4 
shows that when complicating factors were present 
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The effects on the respiratory activity at birth of Caesarean section 


infants of various clinical factors. 


(foetal distress or antepartum haemorrhage), and 
also in all premature infants, and in those infants 
with an IDI of more than 7 minutes, the 
incidence of fully active infants was reduced com- 
pared with a control group. This difference is 
highly significant in all instances (p = <0.001). 

With mature infants without either foetal 
distress or antepartum haemorrhage those delivered 
within 7 minutes of induction showed a very high 
incidence of activity (fig. 5a). The decreased 
activity associated with an IDI of more than 7 
minutes (fig. 5B) though significant (p<0.001) is of 
little practical importance, the distribution in these 
infants varying little from the mode (fig. 3), 70 
per cent being “fully active” and 81 per cent 
breathing regularly within 5 minutes. This is re- 
garded as a satisfactory level of activity. 

Figures 5c and Se show that even when com- 
plications (antepartum haemorrhage or foetal 
distress) were present a similar satisfactory respira- 
tory pattern was achieved in both mature and pre- 
mature infants providing delivery was prompt. 


There appeared to be no significant difference in 
the activity of mature and premature infants in 
this respect (p = 0.7). 

Figures 5p and 5F demonstrate that, when these 
complications were present and the IDI exceeded 
7 minutes, the respiratory depression became 
significant and the premature infants seemed to 
be the most susceptible (0.1>p>0.05). 

Correlating these facts with mortality (table IV) 
it is seen that of the twelve infants who were 
delivered within 7 minutes and who subsequently 
died only three had given rise to respiratory diffi- 
culties at birth. Two of these were mature infants, 
one being the resuscitated “stillbirth,” and the 
other being grossly hypoxic pre-operatively. The 
third infant was a premature baby with haemolytic 
disease. In the twelve infants delivered between 
7 and 24 minutes of induction, and who 
subsequently died, none was mature and ten of 
the twelve premature infants had varying degrees 
of respiratory delay at birth. 

It would appear that foetal distress, antepartum 
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The relationship of the respiratory activity at birth in 
different clinical groups of Caesarean section infants 
to the induction delivery interval. 


haemorrhage and prematurity are all associated 
with a significantly decreased respiratory activity 
at birth. Using the standard anaesthetic technique 
and when delivery is prompt (IDI less than 7 
minutes) this depression is of little practical impor- 
tance and over 80 per cent achieve regular 
respiratory activity within 5 minutes of birth. 
When delivery is delayed, however, the respiratory 
depression that occurs is of practical significance 
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in infants with associated complications, particu- 
larly when premature. 

As it was known (Hodges et al., 1960) that the 
pre-operative administration of opiates decreased 
respiratory activity at birth and increased the need 
for resuscitation, the possible effects of opiates on 
these results (figs. 4 and 5) had to be determined. 
In the 654 infants the mothers of sixty-five (10 
per cent) had received pre-operative opiates 
(mainly pethidine), and the incidence of fully 
active infants at delivery in this small group was 
only 45 per cent. A further 118 mothers (18 per 
cent) had received opiates with an antagonist 
(mainly Pethilorfan) and the incidence of fully 
active infants was increased to 53 per cent. The 
incidence of fully active infants when the mother 
had no opiate was 74 per cent (table V). Although 
the overall incidence of opiate administration was 
small the distribution of administration in the 
different clinical groups was further examined. As 
might be expected on clinical grounds, the groups 
associated with antepartum haemorrhage, foetal 
distress and prematurity, contained a greater pro- 
portion of patients who had received opiates (table 
VI). This increase was not significant in those 
associated with antepartum haemorrhage but was 
significant in the foetal distress and premature 
groups. There also appeared to be an apparently 
fortuitously increased incidence of administration 
of opiates in those infants delivered with an IDI of 
less than 7 minutes compared with those with a 
longer IDI, which would increase the significance 
of the respiratory depression in infants with an 
IDI of more than 7 minutes (fig. 5B). The 
increased incidence of opiate administration in 
cases associated with foetal distress or prematurity 
has a contributory effect on the depression already 
present in these groups. However, even when 
those mothers who received opiates are excluded, 
the incidence of fully active infants in either the 
foetal distress or premature groups, is not greatly 
increased (fig. 6). Presumably, therefore, the 
depression, in these conditions is due more to the 
complicating factor than to the opiate. 


DISCUSSION 
Agents of choice in the standard anaesthetic 
technique. 


Atropine. 
Reduction in vagal tone is essential in opera- 
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PREMATURITY POETAL DISTRESS 


/NC/ DENCE 


PERCENTAGE 


INCIDENCE OF INFANTS WITH REGULAR RESPIRATORY 
ACTIVITY WITHIN 60 SECONDS OF DELIVERY 
6 


Effects on respiratory activity at birth of pre-operative 
administration of opiates. 


tions conducted under light anaesthesia and all 
general anaesthetics should be preceded by atro- 
pine 0.6 mg either intramuscularly or intra- 
venously. 

The authors regard all sedative premedication 
as absolutely contra-indicated in Caesarean 
section. Opiates administered to the mother pre- 
operatively decrease the incidence of fully active 
infants delivered by Caesarean section (table V), 
and the inherently depressant effects of pre- 
maturity and foetal distress are further enhanced 
by such pre-operative administration (fig. 6). It 
would seem desirable to reduce opiate administra- 
tion to a minimum in any mother when Caesarean 
section is envisaged, especially in premature or 
distressed infants. Unfortunately this is not always 
possible but deliberate operative premedication 
can and should be avoided. 


Thiopentone. 

Thiopentone should be used to produce a light 
level of unconsciousness only and to ensure 
smooth and rapid induction of anaesthesia. It 


TABLE V 
The effects of pre-operative opiate administration to the mother on infant respiratory activity 
at birth, in 654 Caesarean sections 


Drugs administered 


Opiate 
No with Opiate 
opiates antagonist only 
Incidence of infants who established regular 
respirations within 60 sec. of delivery 
74 53 45 


(per cent) 


Number of patients 


471 (72%) 118 (18%) . 65(10% 


TABLE VI 
The distribution of pre-operative administration of opiates (with or without antagonists) to the 
mother. In different clinical groups from 654 infants delivered by Caesarean section 


_ Percentage 
given opiates Total 
Clinical group (+ antagonist) number 
All mature infants 13 528 
All premature infants 24 126 
All associated with pre-operative foetal distress 47 236 
All associated with antepartum haemorrhage 24 200 
All with neither antepartum haemorrhage nor foetal distress 19 286 
All with induction-delivery interval of less than 7 minutes 38 326 
All with induction-delivery interval of more than 7 minutes 27 328 
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should be used neither to produce nor to maintain 
surgical anaesthesia. 

An anaesthetic induction without thiopentone 
and using nitrous oxide with oxygen alone has a 
theoretical appeal and has been tried previously. 
Kolstad and Schye (1957) in 160 Caesarean 
sections noted an incidence of 21.1 per cent of 
patients who showed excitation, cyanosis, mucus 
secretion, or vomiting with nitrous oxide and 
oxygen induction followed by suxamethonium. 
It is the authors’ opinion that the technique 
carries the risk both of delay and of cyanosis 
which may jeopardize the foetus, and of the 
return of maternal vomiting and regurgitation 
hazards, an inherent part of any inhalational 
technique. Abramson (1960), however, assessed 
this technique in Caesarean section and found that 
the condition of the infants at birth was not 
significantly different from those delivered by 
section under spinal anaesthesia. There is no 
doubt that the use of thiopentone ensures a 
smoother, safer and more rapid induction than 
is possible with either nitrous oxide only, or 
spinal anaesthesia. This is particularly so in 
emergencies. 

In uncomplicated Caesarean sections when the 
infant is mature the authors agree with the view 
that the interval between the administration of 
the thiopentone and the delivery of the infant is 
not important (Crawford and Kane, 1956). This 
investigation, however, has confirmed the previous 
results from this unit which suggested that there 
was a statistically significant increase in the 
incidence of infants with mildly delayed respira- 
tory activity in the group delivered between 7 
and 11 minutes of induction of anaesthesia. This 
mild depression may be a thiopentone effect, but 
it is considered to be of little practical signifi- 
cance and the opinion is still held that the “effects 
of thiopentone on the infant are completely offset 
by the greater advantages derived from a smooth 
and rapid induction” (Hodges et al., 1959a), and 
“any such (depressant) effect can be disregarded 
in practice” (Hodges et al., 1960). In prolonged 
operations under the standard anaesthetic 
technique, delay in respiratory activity is more 
closely associated with operative and obstetric 
difficulties than with anaesthesia itself. 

The use of a barbiturate having a shorter action 
than thiopentone (methohexitone) might lead to 
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undue wakefulness in the early stages of the 
operation, especially before a sufficiently high 
saturation with nitrous oxide has been established. 
In this latter respect high gas flows in the first 
5 minutes of anaesthesia are important, especially 
if a circle absorber is used (Eger, 1960). An 
absorber system is not used before delivery 
because of the theoretical danger of producing 
apnoea in the infant due to carbon dioxide 
depletion (Holmes, 1959). Experience has shown 
that the combination of a minimal sleep dose of 
thiopentone followed by 60-70 per cent nitrous 
oxide with oxygen produces a satisfactory con- 
dition of analgesia and amnesia and none of the 
patients have complained of consciousness during 
operation. 

There is a theoretical danger of hypotension 
following induction with thiopentone in the 
head-up position (Morton and Wylie, 1951; Sykes, 
1960). Using minimal sleep doses, no evidence 
of this hypotensive effect has been seen. This 
position needs to be maintained for a very short 
time, and no harm is likely to follow because the 
patient is fully oxygenated and the resumption 
of the level or head-down position follows 
immediately after intubation is achieved. Without 
means of continuous blood-pressure monitoring 
it is not possible to say that transient hypoten- 
sion does not occur but the present series included 
twenty-nine cases of severe antepartum haemor- 
rhage (including two mothers with ruptured 
uterus and absent radial pulses) who were induced 
thus without difficulty. 


Suxamethonium. 

Suxamethonium is used because it provides 
conditions compatible with immediate endo- 
tracheal intubation without overdose, ensures 
complete paralysis (essential to facilitate full 
oxygenation by controlled intermittent positive 
pressure respiration), and controls reflex res- 
ponses in the lightest plane of anaesthesia. 
Furthermore it does not affect the foetus. 

Soon after the introduction of this relaxant 
into clinical anaesthesia one of the authors 
(R.J.H.H.) had the opportunity of anaesthetizing 
a number of patients undergoing late therapeutic 
abdominal hysterotomy, and also a patient with 
a live tubal pregnancy in which it was possible 
to observe the foetal activity within the amniotic 
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sac. No decrease in activity was observed even 
after the repeated administration of large (200 mg) 
doses of suxamethonium intravenously to the 
mother. This author has since used the standard 
thiopentone-suxamethonium sequence for all 
operative obstetric deliveries. Thesleff (1952) cites 
Von Dardel as having used suxamethonium for 
Caesarean section at about this time. 

D-tubocurarine does not clinically affect the in- 
fant (Gray, 1947) but this drug is not considered 
to be ideal because conditions compatible with 
immediate smooth endotracheal intubation are not 
obtainable without high doses and the time factor 
often precludes the use of a test dose. Similarly, 
with gallamine triethiodide large doses are needed 
to ensure rapid intubation (Snow and Nunn, 
1959) and significant amounts of this drug cross 
the placental barrier (Crawford and Gardiner, 
1956; Beck and Nold, 1957; Schwarz, 1958). 
The only practical difficulty with suxamethonium 
has been a tendency to produce non-depolarizing 
blocking effects following prolonged administra- 
tion of posterior pituitary extract (Pitocin). If this 
is anticipated, recognized and treated correctly 
the difficulty can be overcome (Hodges et al., 
1959b). 

Recently, other workers have confirmed the 
selection of suxamethonium as a drug of choice 
in Caesarean section. James (1960) states that 
“suxamethonium in conjunction with light nitrous 
oxide anaesthesia appears to offer special advan- 
tages”, while Abramson (1960) states that this 
technique “shows promise of being equally safe” 
(as regional anaesthesia) “for the infant”. 
Kvisselgaard and Moya (1961) have shown that 
suxamethonium does not cross the placental 
barrier (except in many times the paralyzing 
doses) thus substantiating the clinical impres- 
sions and observations of the authors, and of 
Thesleff (1952). 


Nitrous oxide. 


Nitrous oxide, of all the inhalational agents, 
affects the foetus least and leaves the mother’s vital 
centres unaffected. It is considered that there is 
absolutely no justification for the administration of 
any other agent between induction and delivery. 
In a fully paralyzed patient, after an induction 
with thiopentone, 60-70 per cent nitrous oxide 
in oxygen administered by controlled respiration 
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is all that is required to maintain analgesia and 
amnesia when full saturation has been achieved. 
The induction dose of thiopentone is sufficient to 
cover the stimulus of intubation and skin incision 
which immediately follows. The great advantages 
of the controlled administration of an oxygen-rich 
mixture to a fully relaxed patient cannot be too 
strongly emphasized. McClure (1960) showed that 
the infants born to mothers who received oxygen 
pre-operatively had an increase in available 
oxygen compared with a control group. 

Edwards et al. (1956) drew attention to the 
dangers of postoperative vomiting as a cause of 
maternal death. Maintenance of light nitrous 
oxide and oxygen anaesthesia with continuous 
paralysis enables the patients to be awake at the 
end of the operation, thus eliminating this danger. 


Advantages of the standard anaesthetic technique. 


Maternal safety. 

Vomiting and regurgitation are recognized 
hazards in obstetric patients where emptying of 
the stomach is delayed and hiatus herniation may 
occur (Dinnick, 1961). With inhalational anaes- 
thesia vomiting may occur during induction and 
also postoperatively. During induction, vomiting 
leads to delay and possibly laryngeal spasm 
cyanosis and the risk of foetal, if not maternal, 
death. Manipulations or fundal pressure during 
operation may precipitate the irruption of stomach 
contents (Edwards et al., 1956) and the risk of 
inhalational asphyxia is very great unless endo- 
tracheal intubation with a cuffed tube is routinely 
practised. 

Spinal anaesthesia may promote vomiting 
(Stearns and Fredrickson, 1957), and very small 
quantities of acid aspiration can be fatal 
(Mendelson, 1946). Regurgitation may occur 
during operation as with inhalational anaesthetic 
techniques and often the necessary supplementa- 
tion of the conduction block with other agents 
(MacKay, 1957) increases the risks of inhalation 
asphyxia. Even with epidural anaesthesia these 
dangers still exist (Crawford, 1959). 

The use of the head-up position was first sug- 
gested by Morton and Wylie (1951) to reduce 
the risks during induction of anaesthesia. The 
technique has been shown to have practical value 
(Hodges et al., 1959a; Snow and Nunn, 1959). 
In 2,000 anaesthetic inductions by this technique 
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in this obstetric unit there has been no associated 
maternal death, or serious maternal morbidity, 
and few technical difficulties. In two of the 654 
operations for Caesarean section slight regurgi- 
tation occurred during induction but without 
inhalation. In one of these instances the patient 
had been persistently vomiting pre-operatively. 
At the last moment the anaesthetist, incorrectly, 
elected not to proceed with the planned gastric 
aspiration. In neither case of regurgitation did 
aspiration occur and there were no sequelae. 
Normally no attempt is made either to empty the 
stomach or to induce vomiting before anaes- 
thesia. The reduction of the intra-gastric tension 
by aspiration through an appropriate sized tube 
is carried out in particular instances, as above, 
but this has been necessary in less than 1 per 
cent of patients. It is considered that the deliberate 
induction of vomiting by means of drugs (Holmes, 
1956) is an unjustifiable assault on the mother 
and using the standard technique none of the 
thirty-one patients in this series, who had had 
meals pre-operatively, gave rise to difficulties. 
Two patients developed postoperative atelectasis 
(not associated with aspiration) and required 
bronchoscopy. 

In the single instance in this series in which 
intubation was impossible, the anaesthetic was 
continued with a light inhalational technique with- 
out a muscle relaxant. Patients exist who cannot 
be intubated easily but it is felt that usually they 
can be recognized pre-operatively by a general 
survey of the patient’s mouth, teeth and lower 
jaw. The authors agree with Ainley-Walker (1961) 
that this rare possibility is no contra-indication 
to the technique and that in these circumstances 
the passage of a wide bore stomach tube can be 
performed simply. A prior check on all equip- 
ment, particularly the laryngoscope and suction 
apparatus, must be carried out routinely and 
laryngoscopy must never be attempted before full 
neuromuscular blockade is established, to avoid 
stimulation of vomiting before paralysis is com- 
plete. 


Foetal safety. 

The classical dangers to the foetus of obstetric 
anaesthesia appear to be maternal hypoxia and 
hypotension, drug depression of the foetal res- 
piratory centre, and delays resulting in a pro- 
longed IDI. 
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The danger of foetal hypoxia due to maternal 
hypotension was noted long ago (Wylie, 1953) 
and latterly its association with conduction anaes- 
thetic techniques has been further assessed (Lund, 
1955; Hingson and Hellman, 1956; Greene, 
1958; Duffield et al., 1958; Kennedy et al., 
1959; Ebner, Barcohana and Bartoshuk, 1960). 
Forthman and Adriani (1957) in a series of 291 
Caesarean sections under spinal anaesthesia 
observed a degree of hypotension in 82 per cent 
with an average blood pressure fall of 30 mm Hg. 
It is now realized that a maternal systolic blood 
pressure of less than 100 mm Hg may lead to 
foetal bradycardia of definite pathological signé- 
ficance (Hon, Reid and Hehre, 1960). Foetal 
hypoxia under spinal anaesthesia can be further 
aggravated by adoption of the supine position 
(McRoberts, 1951; Hingson and Hellman, 1956; 
Holmes, 1957; Kennedy et al., 1959) or by 
maternal respiratory embarrassment, which may 
follow intercostal paralysis. 

With inhalational techniques oxygenation is 
decreased as respiratory depression occurs, 
possibly with loss of vasomotor control and 
depression of cardiac output. With cyclopropane 
there is a considerable reduction in oxygen 
saturation of the foetal blood (Sjéstedt and Rooth, 
1958) and this may adversely affect the foetal 
myocardium in the presence of hypoxia (Apgar 
et al., 1957). The inhalational anaesthetics ether, 
chloroform, trichloroethylene, cyclopropane, and 
halothane all carry an inevitable risk of drug 
depression to the foetal respiratory centre. 

In emergencies, in haemorrhagic states and 
when foetal distress is present (conditions which 
together accounted for 56 per cent of this series), 
conduction techniques are quite incompatible 
with foetal welfare. With epidural techniques, 
apart from the time taken to prepare and perform 
epidural puncture, 15 minutes must elapse 
between the first injection and the start of the 
operation (Hingson and Hellman, 1956; Craw- 
ford, 1959; Foldes and Crawford, 1959). Though 
recognized, in the past, as an improvement on 
conduction anaesthesia in emergencies, traditional 
general anaesthesia has never been considered 
ideal by the discerning obstetrician. Many women 
have suffered the “Caesarean section under local 
anaesthesia” for these reasons. 

Light anaesthesia with nitrous oxide and oxygen 
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with continuous suxamethonium blockade is not 
associated with maternal hypotensive effects, 
nor with depression of the foetal respiratory 
centre. Another advantage of the standard anaes- 
thetic technique described is that when necessary 
delivery can be performed rapidly under ideal 
surgical conditions. The present clinical findings 
indicate that all infants with an IDI in excess of 
7 minutes may have mild respiratory depression. 
This depression is probably more closely associ- 
ated with the direct effects on the foetus of 
prolonged examinations or manipulations and with 
operative and obstetric difficulties and less ex- 
perienced operators, than with duration of 
anaesthesia itself. However, because of these 
findings and because in cases of established and 
incipient foetal distress there are obvious advan- 
tages to be derived from as short a delay as 
possible, an IDI of less than 7 minutes is aimed 
at and achieved in 53 per cent of patients (fig. 2). 
In patients in whom foetal distress or antepartum 
haemorrhage is a complicating factor, or when 
the infant is premature (figs. Sc ard SE), rapid 
delivery of the jeopardized infant is essential if 
hypoxic respiratory depression is to be avoided. 
In these patients preparation of the abdomen and 
towelling is performed before induction and 
during this time oxygen is administered to the 
mother. In most cases an IDI of from 3 to 7 
minutes is achieved without undue haste. When 
the more experienced anaesthetists and obstet- 
ricians are concerned, and in dire emergencies 
(particularly if the classical operation is per- 
formed), an IDI of 2 minutes and less is possible, 
as the following case report shows. 


A patient went into labour with an unstable lie. 
Sudden prolapse of an arm and cord occurred with 
the passage of much meconium stained liquor. The 
patient was immediately placed on the operating table 
in an exaggerated left lateral position and oxygen was 
administered. The foetal heart became almost 
inaudible. Immediate section was undertaken. At the 
last moment after towelling and painting the patient 
was turned on her back and raised head-up. Thio- 
pentone 200 mg was immediately followed by suxa- 
methonium S0 mg. Intubation and skin incision were 
simultaneously performed as muscle fasciculations 
ceased. By classical section a cyanosed live infant— 
weighing 6 Ib 15 oz (3,147 g)—was removed 60 
seconds from the start of the thiopentone injection 
and § minutes after the diagnosis of cord prolapse. 
After 15 seconds the infant gasped and cried. Routine 
endotracheal toilet resulted in the aspiration of much 
meconium stained liquor from the trachea but normal 
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regular respirations were readily established. There- 
after the infant thrived. 


It would seem beyond dispute that, in this 
instance, delay in delivery or the superimpo- 
sition of further hypoxia due to maternal respira- 
tory depression or hypotension would have 
resulted in a stillborn delivery. The overall foetal 
loss of 5.1 per cent of 236 infants suffering from 
pre-operative foetal distress seems to reflect these 
advantages. Similarly in 200 patients suffering 
from antepartum haemorrhage, the perinatal loss 
was only 5 per cent, and only two infants were 
lost during delivery, one of which suffered from 
abnormalities incompatible with life. Particular 
attention is drawn also to the group of twenty- 
three consecutive patients with prolapsed cord 
in the first stage of labour in which only one infant 
was lost. In the case of the single stillbirth, 
operation was delayed because the obstetric team 
and the maternity theatre were occupied at the 
time when the prolapse occurred. The foetal heart 
failed just before either team or theatre could be 
disengaged and although Caesarean section was 
carried out, a fresh stillbirth confirmed the fear 
that intra-uterine death had occurred. The avoid- 
able death of one infant from twenty-three con- 
secutive patients in whom the cord prolapsed in 
the first stage of labour compares well with the 
overall mortality of 60 per cent not long ago 
attributed to this condition (Brews, 1957; Baird, 
1957), and a reported mortality of 11 per cent in 
those cases treated by Caesarean section (Rhodes, 
1956). It is obvious that the anaesthetic technique 
described is compatible with a shorter IDI than 
any so far advocated for Caesarean section. This 
is frequently a life saving consideration and in 
these complicated sections it is time loss in itself 
which is most lethal. 

The effects of anaesthesia per se, even in pro- 
longed complicated cases, need be minimal, 
however. 


A 35-year-old, 13 stone, parous woman was ad- 
mitted 3 weeks postmature in her fourth pregnancy. 
Labour was induced but when the cervix was fully 
dilated the foetai heart became irregular (140-160 
beats per minute). No progress was made in spite of 
strong contractions and anaesthesia was induced by 
the standard technique for a trial of forceps. This 
having failed, preparations were made for Caesarean 
section and a senior obstetrician was called. Anaes- 
thesia was maintained with nitrous oxide and oxygen 
during the enforced delay. Seventy minutes after 
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induction of anaesthesia a limp infant weighing 
12 Ib. 12 oz. (5,790 gram) was delivered abdominally. 
Sustained regular respirations became spontaneous 
7 minutes after delivery following routine endotracheal 
toilet and oxygenation. The infant thrived. 


Had anaesthesia been maintained on any of the 
traditional agents, respiratory depression in the 
foetus would have followed inevitably. Post- 
maturity is known to be associated with intra- 
partum hypoxia and foetal distress was present in 
this infant pre-operatively, yet it survived 70 
minutes of anaesthesia. 

In this patient, naturally a more rapid delivery 
would have been desirable but with healthy 
mature infants an IDI of more than 7 minutes is 
of minimal risk and in some instances is indicated 
and acceptable. Examinations under anaesthesia 
and necessary manipulations need not be hurried 
in these circumstances and painting and towelling 
of the abdomen can be performed safely after 
induction of anaesthesia. In these patients 
advantage can be taken to further the instruction 
of anaesthetic and obstetric registrars in training. 
The depression in these infants is of no practical 
significance (fig. 5B) and in this series the mor- 
tality was nil. 


Perinatal morbidity and mortality. 

Intrapartum asphyxia is responsible for the 
majority of preventable perinatal deaths. Many 
anaesthetic techniques currently used for 
Caesarean section do little to alleviate the effects 
of foetal hypoxia and indeed many may aggravate 
it. The National Perinatal Death Survey 
(Bonham, 1961) shows that 22 per cent of infant 
deaths associated with Caesarean section are fresh 
stillbirths, most of these being due to the 
immediate effects of intrapartum asphyxia. 

To examine the effects of anaesthesia on peri- 
natal mortality all complications known to be 
associated with a high intrinsic mortality in itself 
should be excluded. Antepartum haemorrhage, 
foetal distress and prematurity are such complica- 
tions. In the 226 mature infants from our series 
of 654 sections, in whom antepartum haemorrhage 
and foetal distress were not factors, there was no 
perinatal mortality (table III). In the infants in 
this group who were delivered within 7 minutes 
of induction of anaesthesia the incidence of full 
activity at birth was 92 per cent (fig. 5a). 

In the whole group 82 per cent of infants were 
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fully active at birth and 90 per cent established 
regular respirations within 5 minutes of delivery. 
In these 226 infants uncomplicated by the two 
factors excluded, other complications arose 
however and only 63 per cent were in any way 
“elective”. Toxaemia was a factor in 20 per cent, 
most of the remainder being accounted for by 
delay and disproportion in labour. In these cir- 
cumstances to achieve after Caesarean section, a 
level of activity in infants at birth which can 
be compared very favourably with that commonly 
associated with normal vaginal vertex deliveries 
underlines the lack of toxicity of the anaesthetic 
technique. Even when anaesthesia is prolonged 
in this group (in those delivered from 7 to 30 
minutes) 70 per cent of infants were fully active 
at birth. 

Taking the whole series of 654 infants, 36 per 
cent were associated with foetal distress, 31 per 
cent with antepartum haemorrhage, and 18 per 
cent with prematurity. Only two stillbirths 
occurred in the corrected mortality (see table III) 
and the causes and distribution of first week 
deaths suggested that anaesthesia had no direct 
influence on any death that occurred. Three 
mature and three premature infants (0.72 per cent 
of infants) died from the effects of intrapartum 
asphyxia, this condition being already present 
pre-operatively. 

A high infant salvage rate might, in some cir- 
cumstances, be offset by an increase in neonatal 
morbidity and risks of permanent cerebral 
damage. The series reported here, however, has 
been associated with a high incidence of spon- 
taneous regular respiratory activity, 82 per cent 
of the whole series of 654 infants establishing 
regular respirations within 5 minutes of birth. 

The depression of respiratory activity at birth 
in complicated infants where delivery is delayed 
beyond 7 minutes (fig. 5p and SF) is more closely 
associated with the complications present and 
with prematurity than with anaesthesia. The 
pre-operative administration of opiates to the 
mother is also a factor in these infants and has a 
far greater depressant effect than any possible 
influence of anaesthesia (table V). 

Lastly any practical anaesthetic depression 
which might possibly remain hidden in these in- 
vestigations can be completely offset by the other 
advantages of the technique, principally a high 
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maternal safety factor and rapidity of induction 
leading to increased foetal salvage. The occur- 
rence of only one perinatal death (and that avoid- 
able) in twenty-three consecutive instances of 
prolapsed cord in the first stage of labour truly 
illustrates this aspect of the technique. 


SUMMARY 


Anaesthetic techniques currently used for 
Caesarean section are associated with both 
maternal and foetal mortality. The main anaes- 
thetic hazard for the mother is aspiration of 
vomited or regurgitated stomach contents. The 
main dangers to the foetus are increased foetal 
hypoxia (associat: 1 with maternal hypotension and 
respiratory depression), foetal respiratory depres- 
sion due to anaesthetic drugs, and delay in extrac- 
tion and delivery in cases associated with 
intrapartum asphyxia. 

Previous comparisons of different anaesthetic 
techniques are no longer valid because of the out- 
standing advances in general anaesthetic techniques 
recently adopted for obstetrics. The standard 
anaesthetic technique described in this paper has 
been used in 2,000 patients during the period 
(1952-61) and has been found to protect the 
mother from the dangers associated with vomiting 
and regurgitation during induction, during opera- 
tion and in the recovery period. Since the introduc- 
tion of this technique the anaesthetic maternal 
mortality has been nil and the morbidity negligible. 

The technique is not associated with maternal 
hypotension or hypoxia. The drugs used lead to no 
significant foetal respiratory depression in healthy 
infants even with prolonged anaesthesia. The 
standard anaesthetic permits more rapid delivery 
than any other technique described, which is 
invaluable in cases associated with intrapartum 
asphyxia. An induction to delivery interval of less 
than 2 minutes can be achieved with a high degree 
of maternal safety. In these complicated Caesarean 
sections the ability to ensure rapid delivery, a 
greater oxygen saturation of mother and foetus, 
and the lack of foetal central respiratory depression 
enhances the chances of foetal survival without the 
risk of cerebral damage. The respiratory activity of 
the infant at birth substantiates this opinion. The 
associated perinatal mortality in a consecutive 
series of 654 Caesarean sections, including a high 
proportion of complicated cases, appears to be 
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lower, and the incidence of fully active infants at 
birth higher, than that associated with any other 
anaesthetic technique for Caesarean section 
previously described, and the foetal mortality 
attributable to anaesthesia has been nil. 

It is considered that the thiopentone, 
suxamethonium, nitrous oxide and oxygen tech- 
nique is the technique of choice for Caesarean 
section at the present time. 
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TETANUS AND IPPR: A PARTIAL PARALYSIS REGIME 
BY 


W. J. WALTON 
Respiratory Umit, Brook Hospital, Woolwich, London 


Tuis is an account of the management of a case 
of tetanus, firstly by conservative treatment and 
then by tracheostomy and IPP ventilation but 
falling short of the total paralysis regime. 


CASE HISTORY 


Six days before admission to the Respiratory Unit, 
Joyce Green Hospital, in October 1960, the patient, 
a youth of 18, fell whilst playing football and 
lacerated his knee on a flint. The same day the 
wound was cleaned and sutured at his local hospital, 
but no anti-tetanus serum was given. The evening 
before admission his jaw began to ache and by morn- 
ing he felt ill and started to have trismus and painful 
muscular spasms, which became more frequent and 
severe. 

On re-attending the hospital he was diagnosed as 
having tetanus and was given 3,000 units anti- 
tetanus serum intravenously. The prognosis at this 
stage was considered to be extremely poor, since 
the incubation period was only 5 days and generalized 
convulsions developed with in 24 hours. 


On admission. 

The patient was a healthy youth of 18, weighing 
about 130 Ib. (59 kg). There was a sutured wound 
over the right patella which appeared to be healing 
well. He had a slight pyrexia, tachycardia and 
tachypnoea. 

The cardiovascular system was normal. Examination 
of the central nervous system revealed generalized 
hypertonicity of all major muscle groups with exag- 
gerated reflexes. Mild stimuli produced marked tonic 
convulsions with opisthotonus and breath-holding. 
These lasted about 15 seconds but were not accom- 
panied by cyanosis. 

White cell count: 18,000 per cu.mm with 81 per 
cent polymorphs. Normal urea and electrolytes. 


Management. 

He was immediately taken to the operating theatre 
and under a general anaesthetic the wound was com- 
pletely excised, left open and washed with hydrogen 
peroxide. At the same time a plastic nasogastric 
tube was passed for feeding purposes and an intra- 
venous drip containing 100,000 units of anti-tetanus 
serum set up. 

It was decided to attempt conservative treatment 
and he was given phenobarbitone 3 grains (180 mg) 
8-hourly, pecazine (Pacatal) 100 mg_ 8-hourly, 
mephenesin 3 g 2-hourly, all by tube. Complan (a 
protein hydrolysate) was used for feeding, and 
penicillin 250 mg was given 8-hourly. 


During the next 48 hours the incidence of spasms 
was markedly decreased and only three of any 
severity were seen, each being accompanied by 
cyanosis. However, salivation became troublesome 
and a small quantity was inhaled on one occasion, 
necessitating a head-down tilt, suction and vigorous 
physiotherapy. By this time the patient was un- 
conscious from the synergistic effects of the sedatives 
and in between the spasms there was marked hypo- 
tonia of the trunk and limb muscles. 

During the third major spasm there was marked 
cyanosis and the patient was immediately intubated 
prior to tracheostomy. This was performed under 
local analgesia. A cuffed tracheostomy tube was 
inserted and ventilation was commenced using a 
Radcliffe Mark 2 IPP machine. 


iPP regime 

The sedatives and mephenesin were discontinued 
and 20 mg doses of the muscle relaxant laudexium 
methylsulphate (Laudolissin) were given intramuscu- 
larly with hyaluronidase. Laudexium was chosen 
since it is said to have only one-quarter to one-third 
of the ganglioplegic effect of d-tubocurarine chloride 
(Collier and Macauley, 1952), and is longer acting. The 
injections were given only when a muscular spasm 
was seen and no attempt was made to maintain com- 
plete paralysis. 

Two further amounts of anti-tetanus serum, each 
of 100.000 units were given intravenously. For tke 
next 18 days this regime was continued. 


Posture. 

The patient was turned from the full lateral 
position to the opposite lateral position every 2 hours 
and was never allowed to remain lying flat except 
during physiotherapy or for a change of tracheostomy 
tube. At first a slight head-down tilt was employed 
to assist drainage of secretions but this produced 
oedema of the eyelids and was discontinued; after 
which the patient was kept flat with a single firm 
pillow supporting the head. 


Suction. 

Tracheobronchial suction was performed every 30 
minutes initially, using a soft rubber catheter with 
additional side-holes near the tip. As the quantity of 
secretions was not great, this was later performed 
hourly. Frequent oral toilet was carried out and 
pharyngeal suction used to clear the saliva which 
was occasionally copious. 


Physiotherapy. 

The chest received attention three times daily and 
on other occasions when it seemed necessary, always 
accompanied by suction through the tracheostome. 
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The limbs were put through a full range of passive 
movements and the chest compressed and percussed. 
As these manoeuvres initiated muscle spasms they 
were best performed after an injection of laudexium. 
Had sufficient staff been available, they would have 
been performed more frequently and it was noticed 
that following a night without physiotherapy the 
amount of secretion obtained in the morning was 
considerably increased. 


Paralysis. 

Although complete paralysis was not aimed at, 
laudexium is a long-acting agent and some degree of 
myoneural block may have been present for much 
of the time. There was no difficulty with IPP ventila- 
tion in the early stages when the injections were fairly 
frequent but later on when less frequent the patient 
had to be “coached” to breathe with the machine, 
which he did readily. 


Tracheostomy. 

The cuffed tube was changed several times during 
the treatment but never became crusted with secre- 
tions because the inspired air was humidified and 
suction was carried out frequently. Despite the fact 
that a non-touch technique was used for suction, the 
wound became infected with Ps. pyocanea. In our 
experience this is the most common organism in this 
situation and necessitated a change of antibiotic to 
eradicate it. 

The pulse was monitored using a pulse indicator 
and there was a persistent tachycardia, up to 140 
beats per minute throughout this period. There was 
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also pyrexia, with spikes up to 103°F on several 
occasions. The blood pressure remained normal and 
frequent e.c.g. tracings demonstrated no abnormality 
beyond slight T-wave changes of doubtful significance. 
His chest was clinically and radiologically clear and 
only a moderate amount of sputum was aspirated 
from the tracheostome apart from the increase 
following physiotherapy. 

As a guide to the ventilation frequent blood-gas 
estimations were made, using the arterial puncture 
technique and the Riley method of analysis des- 
cribed by Riley, Campbell and Shepard (1957). 
These are illustrated on a graph (fig. 1) and will be 
discussed 

It was noted that there was a gradual diminution 
in the requirement of laudexium from 12 mg per 
hour initially down to 2 mg per hour averaged over 
a 24-hour period (fig. 2). Soon after treatment com- 
menced, the patient regained consciousness and was 
able to communicate with us, answering simple 
questions by movements of his face and one hand. 

When the requirements of laudexium had fallen 
to 2 mg per hour the drug was stopped on the 
eighteenth day and the patient was allowed to breathe 
spontaneously. There were no further spasms. Twenty- 
four hours later a silver speaking-tube was inserted 
and he started taking food by mouth. Some residual 
limb and jaw stiffness remained and it was several 
days before they wore off and he could open his 
jaw fully. After a further two weeks the tracheos- 
tomy tube was removed completely and the wound 
healed without incident. 
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On being questioned about his experiences, he said 
he could remember only isolated incidents and faces, 
but that he had recurring dreams. The most frequent 
dream was that he was at the cinema watching a 
film. When the performance ended the audience left 
but he could not move because his limbs were too 
stiff and he felt “rigid all over”. At this point he felt 
an injection and “everything went black”. There were 
no further sights or sounds until the next dream. - 


DISCUSSION 


After suitable instruction the timing of each dose 
of laudexium was left to the discretion of the 
nursing staff, who rapidly came to ignore smaller 
muscle movements and gave each injection only 
at the beginning of a major spasm. The success 
of this arrangement appears to be borne out by 
the recurring dreams of stiffness relieved by an 
injection. 

In this case the use of intermittent doses of 
a myoneural blocking agent worked well and 
total paralysis was unnecessary, the technique 
enabling the progress of the spasms to be judged. 

With regard to the blood gases, it was possible 
to keep the Pco, within normal limits by altering 
the minute ventilatory volume according to the 
results of the arterial blood analyses. This was 
not so in the case of the Po, which showed con- 
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siderable variations. This is thought to be due 
to changes in pulmonary perfusion, some areas 
of the lung being underventilated while other 
areas are overventilated. At the lowest point on 
the graph in figure 1, when the Po, fell to 60 
mm Hg, the addition of oxygen to the inspired 
gases raised the value considerably. In other 
words, the Pco, could be controlled by altering 
the total ventilation, whereas a reduced Po, 
required an increase in the partial pressure of 
oxygen in the gas mixture. Finally, measure- 
ments of oxygen saturation, for example, by 
oximetry, appear to be unreliable as a guide to 
the state of oxygenation, except in so far as they 
indicate deviation from the normal, the extent 
of which can be determined by direct measure- 
ment of the arterial Po,. It would seem desirable 
to add oxygen to the inspired gases routinely. 


SUMMARY 


A successfully managed case of severe tetanus is 
described. Initially treatment was conservative and 
this was followed by tracheostomy and IPP venti- 
lation using a modified total paralysis regime in 
which laudexium with hyaluronidase was given 
by intramuscular injection. It was found possible 
to keep Pco,, but not Po,, within normal limits 
by ventilatory adjustment. 
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REPEATED STELLATE GANGLION BLOCKS IN ATROPHIC RHINITIS 
(Report of Two Cases) 


BY 


C. P. BAHL 
Department of Anaesthesia, Irwin Hospital, New Delhi, India 


ATROPHIC RHINITIS is a distressingly persistent 
disease of uncertain aetiology. The pathological 
changes consist of progressive atrophy of the 
mucous membrane of the nose and the underlying 
nasal conchae. The mucosa exudes a thick viscid 
secretion which dries up rapidly and forms crusts 
which emit the horrible odour characteristic of 
the disease. Both sides of the nose are usually 
affected. 

The disease is incurable and progressive. Treat- 
ment consists essentially of efforts to keep the 
nose clean; saline irrigations and oily nasal sprays 
are helpful (Jackson and Jackson, 1959). Operative 
procedures have now been mostly abandoned 
(Guthrie, 1952). 

The author had consistently observed nasal 
congestion and increased secretions from the 
nose following stellate ganglion block and sug- 
gested that it cuuld be of use in the treatment of 
atrophic rhinitis. Two patients with advanced 
atrophic rhinitis were treated with repeated 
stellate ganglion blocks. The results have been 
gratifying. So far as the author is aware, stellate 
ganglion block has not been tried before, nor 
has it been repeated with success in cases of 
atrophic rhinitis. 


CASE REPORTS 


Case 1. N. S., male (24 years), sought medical advice 
on September 14, 1959, with complaints of foul smell 
from the nose, and a feeling of dryness and crusts in 
the nostrils of 15 years duration. He also complained 
of persistent headache and nasal obstruction. Anterior 
rhinoscopy revealed atrophic turbinates, covered with 
crusts, and foul foetor from the nose. Associated 
fronto-maxillary sinusitis was present. He was treated 
for about 8 months with removal of crusts, boro- 
glycerine nasal drops, antrum puncture, ephedrine 
nasal drops, menthol with paraffin for intranasal use, 
saline irrigations, and glucose 25 per cent in glycerine 
for local use in the nose. Relief was not obtained by 
any of the procedures. Repeated stellate ganglion 
blocks were considered to be worthy of trial. The 
first stellate ganglion block was carried out on the 


right side on May 24, 1960, using 10 ml of 2 per cent 
lignocaine. This was repeated twice a week on the 
right side with 8 to 10 ml of 2 per cent lignocaine 
or procaine. The technique used for the stellate 
ganglion block was as follows: 

The patient was positioned supine on the table or 
trolley with a pillow under the shoulders and the 
head, which was turned to the opposite side. After 
aseptic precautions, an intradermal weal was raised 
half an inch above the clavicle on the lateral border 
of the sternal head of the sternomastoid muscle. A 
long needle with stylet was inserted through this weal 
directly backwards till it made contact with the anterior 
surface of the body of the 7th cervical vertebra. The 
needle was withdrawn 0.5 cm after which 8 to 10 ml 
of 2 per cent lignocaine or procaine were injected 
after a negative aspiration test for cerebrospinal fluid 
and blood. Fhe skin puncture was sealed with 
tincture benzoin co. Typical Horner’s syndrome 
appeared within 1 to 3 minutes of the injection with 
an illusion of enophthalmos. narrowing of the 
palpebral fissure, constriction of the pupil, anhidrosis 
and Guttmann’s sign of nasal congestion. The patient 
was observed for about half an hour for any reaction 
to the drug or complication of the stellate block and 
was later sent home. 

The left stellate ganglion was not blocked in order 
that the left nostril could serve as a control to detect 
any change in the right nasal mucosa. After six such 
blocks the mucosa of the right nostril appeared 
more pink than that of the left. Secretions in the 
right naris were less viscous and greater in quantity. 
Thereafter left stellate block was also undertaken 
alternately with the right side. The patient felt much 
better after ten such blocks. The foul smell was 
significantly less, and nasal discharge more plentiful 
and thinner. The mucosa was pink and more vascular. 
Crust formation was less and present only on the 
left side on July 19. Stellate ganglion block was then 
repeated alternately on the right and left side at 
weekly intervals. The patient felt greatly relieved after 
twenty injections. Foul smell was slight and secre- 
tions more plentiful. Rhinoscopy revealed a wet and 
pink mucosa without crustation on August 18. 

Thereafter, blocks were repeated at fortnightly 
intervals. Relief was maintained. After October 18, 
blocks are being carried out at monthly intervals on 
either side. Relief is being maintained and rhinoscopy 
shows a more or less healthy mucosa. The bad smell 
is no longer present, secretions are copious and crusts 
are absent. The block has now been repeated about 
fifty times. 

No complications, excepting occasional transient 
hoarseness of voice for about 1 to 2 hours after the 
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injection, have been observed. This is possibly due to 
the spread of the local analgesic to involve the recur- 
rent laryngeal nerve. 


Case 2. U.K., female (17 years), complained of foul 
smell from the nose and a feeling of dryness of 5 
years duration. Examination revealed the usual 
changes of atrophic rhinitis. Dry crusts and foul 
foetor were present. Treatment by nasal hygiene, 
glycerine with 25 per cent glucose, and menthol with 
paraffin for intranasal use was of no avail. 

She was referred to the author for repeated stellate 
ganglion blocks on July 17, 1960. The blocks were 
given on the right side twice a week. After five such 
injections, the mucosa of the right nostril appeared 
more pink. Secretions were less viscous. Thereafter 
left stellate ganglion block was performed alternately 
with the right. After eight such injections, the patient 
felt greatly relieved. Foul smell was considerably less 
and thin secretions were present. She did not come 
for repetition of the blocks for about two months 
during which she felt relieved. After two months, 
the foul smell started reappearing. Six more stellate 
ganglion blocks were given alternately on each side. 
She was again relieved of foul foetor and secretions 
were more plentiful. She has unfortunately not 
attended for the past four months. 

The technique of the block was the same as in 
case 1. No complications attributable to the injection 
were observed. 


DISCUSSION 


Treatment of atrophic rhinitis is essentially pal- 
liative. It consists in the main of nasal hygiene, 
for none of the so-called cures of this affection 
have stood the test of time (Guthrie, 1952). 
Associated maxillary sinusitis is treated by 
puncture of the antrum, lavage, or by drainage. 
The nose is cleansed often enough to prevent 
crust formation. 

Vibratory massage has been advocated for 
wasted turbinals. This can be done by cotton- 
tipped probes dipped in Mandl’s paint or balsam 
of Peru. It was suggested that these methods 
stimulate the glands and the atrophied turbinals 
(Thomson and Negus, 1948). 

The use of pure glycerine with the addition 
of 25 per cent liquid glucose (Jackson and Jack- 
son, 1959; Thomson and Negus, 1948) applied 
to every part of the nasal mucosa four or five 
times a day to correct foetor and crust formation 
has been advocated. This application favours the 
growth of glycophilic bacteria and creates an 
environment in which the activities of Perez 
bacilli are inhibited (Benians and Hayton, 1919). 
Applications of scarlet red (5 per cent ointment) 
once or twice a week have also been recommended. 
The use of oestrogenic hormones has been 
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advocated (Henner and Busby, 1943; Blaisdell, 
1938; Safer, 1942; Greene, 1943; Eagle, Baker 
and Hamblen, 1939). These substances have also 
been applied locally with reported benefit (Hall 
and Macleod, 1942) but they may produce 
ovarian changes in young females (Guthrie, 
1952) and sexual disturbances in the males. 

A spray of neostigmine methylsulphate has also 
been used for the relief of odour (Henner and 
Busby, 1943). Submucous injection of paraffin, 
first proposed by Lake and Brindel, cannot be 
generally advised (Thomson and Negus, 1948). 

Surgical measures for reducing the calibre of 
the nasal chambers, implants of bone, Lauten- 
slager’s and Halle’s operations and sympathec- 
tomy are all of considerable difficulty and of 
doubtful value (Kopp, 1940). The extent of 
sympathectomy, whether bilateral or unilateral, 
whether it was effective and whether the effect 
was maintained have, however, not been stated. 

The prognosis and results of treatment by 
various methods can be assessed by the statement 
that “it is not in our power to cure ozaena 
(atrophic rhinitis)” (Guthrie, 1952). 

All the usual methods aimed at removal of 
crusts—nasal hygiene, treatment of maxillary 
sinusitis by antrum puncture, ephedrine drops, 
saline irrigations, and glucose 25 per cent in 
glycerine locally—were of no benefit in both 
these cases. The improvement of symptoms and 
signs by stellate ganglion blocks has been signi- 
ficant. Repetition of blocks is essential to achieve 
continued vasodilatation. [t is suggested that the 
blocks be given first on one side so that a com- 
parison of changes in the nasal mucous mem- 
brane can be made with those in the opposite 
side. Improvement may come after five to ten 
such injecticns. Neither bilateral stellate ganglion 
block with absolute alcohol nor bilateral cervical 
sympathectomy is advocated because each is 
likely to cause permanent bilateral Horner’s 
syndrome. The technique selected for the stellate 
ganglion block is extremely simple and the treat- 
ment has been singularly free from complica- 
tions. 


SUMMARY 
Two cases of atrophic rhinitis treated success- 
fully with repeated stellate ganglion blocks are 
presented and discussed. 
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CORRESPONDENCE 


ANAESTHETIC EXPERIENCES IN 1,300 MAJOR 
GERIATRIC OPERATIONS 


Sir,—In his introductory remarks (Brit. f. 
Anaesth. (1961), 33, 354) Dr. David L. Scott 
seems to be under the impression that Bedford’s 
article (Bedford, 1955) is one cf the last 
important contributions in geriatric anaesthesia 
occurring in a British journal. May I point out 
that there are those who believe Bedford’s con- 
clusion to be untenable (Debenham and Ward, 
1960; Rollason and Hough, 1960; Simpson, 
1960)? Age, it is felt, is no barrier to success in 
surgery and anaesthesia and no contra-indication 
to hypotensive techniques skilfully administered. 
Indeed, a significant advance in urology, i.e. the 
performance of retropubic prostatectomy without 


resort to an indwelling catheter, has been made 
possible by the routine use of these techniques 
in patients who are usually elderly. 
W. N. ROLLASON 
Aberdeen 
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It is sixty years since the use of epidural analgesia 
was described by Sicard (1901) and Cathelin 
(1901). However, it is believed that Corning used 
the method in 1885. The more widespread 
adoption of epidural injections for analgesia and 
therapy was, however, discouraged by the technical 
difficulties in locating the space and it was only 
in 1921 that Pages introduced the technique of 
lumbar epidural analgesia into clinical surgery 

In 1930 Evans described the use of epidural 
injections in the treatment of sciatic pain, and 
claimed relief of symptoms in over 60 per cent 
of his cases. This appears to be the first adequate 
evaluation of the technique in sciatica. In 1944 
Kelman reported even more impressive results of 
the use of sacral epidural injections in a larger 
series of cases of sciatica. 

The mechanism of pain relief after epidural 
injections in cases of sciatica has not been clearly 
established. We have therefore attempted to 
elucidate the mode of action of epidural injections 
by an analysis of our results in a small but 
selected series of twenty-eight patients suffering 
from the lumbosciatic syndrome. 


TECHNIQUE 


Lumbar epidural injection was performed in each 
of our cases, using a Tuohy Huber-pointed needle 
(Tuohy, 1945). The epidural space was recog- 
nized by the “loss of resistance test” of Dogliotti 
(1933). Normal saline was injected slowly into the 
epidural space until the patient complained of 
continuous pain in the sciatic distribution. The 
volume injected varied between 35 and 120 ml 
(average 72 ml). All the equipment used during 
the injection had been autoclaved previously. 
The patients each received one injection and 
were treated as out-patients. 

Our series consisted of twenty-eight patients 
complaining of severe low back pain and sciatica, 
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all of whom had previously had unsuccessful 
conservative therapy. In fifteen of the cases the 
cause of pain was a prolapsed intervertebral disc; 
in ten, severe spondylosis in the lumbar spine; 
and in three cases postoperative adhesions. The 
ages and sexes of the patients are shown in table I 
with the amount of saline injected in each case. 
The patients were re-examined immediately 
after the injection and then at frequent intervals 


TABLE I 
The results of epidural injection treatment. 

Case Amount 

no. Age Sex Diagnosis (ml) Result 

1 36 M Postop. 35 Cc 

2 32 M PID 75 R 

3 30 F PID 80 U 

4 53 F Postop. 70 R 

5 42 M Postop. 65 R 

6 40 M PID 60 R 

7 67 M OA 35 U 

8 57 M PID 50 R 

9 67 M OA 40 R 
10 30 M PID 80 R 
11 31 M PID 80 U 
12 65 M OA 70 R 
13 21 M PID 80 R 
14 43 M PID 75 R 
15 45 F OA 70 R 
16 34 F PID 100 R 
17 30 F PID 100 R 
18 54 F OA 70 Cc 
19 60 F OA 80 Cc 
20 40 M OA 80 R 
21 35 F PID 35 R 
22 33 F PID 80 U 
23 50 F OA 80 U 
24 22 M PID 80 U 
25 39 M PID 100 R 
26 35 M PID 80 U 
27 65 M OA 60 U 
28 70 M OA 120 Cc 
PID = Prolapsed intervertebral disc 
OA = Spondylosis of lumbar spine 
Postop. = Postoperative adhesions 

= Cured 

R = Relieved 
U = Unrelieved 
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during the succeeding months. An assessment of 
the effect of the injection was made according to 
the subjective report and the results of physical 
examination with special reference to lumbar 
paravertebral spasm, range of movement of the 
lumbar spine, the straight leg raising test, and 
neurological abnormalities. From the results of 
the examinations the patients were then easily 
classified into three groups: 


(1) Cured. Permanent relief of pain and 
disappearance of, or marked re- 
duction in, abnormal physical 
signs. 

Patients who at the first ex- 
amination after the injection 
could be classified as “cured” 
but in whom signs and symp- 
toms recurred after a_ short 
period of time. 

Patients who obtained no sub- 
stantial amelioration of their 
condition from the injection. 


(2) Relieved. 


(3) Unrelieved. 


RESULTS 


The results are shown in table II. It will be seen 
that only four of the twenty-eight cases could be 
classified as “cured”, while a further sixteen were 
simply “relieved”. In eight cases the injection had 
no effect. In none of the sixteen cases who were 
“relieved” did the improvement in the patient’s 
condition last more than 4 hours. Of the four 
“cured” patients, three suffered from severe 
lumbar spondylosis. Each showed signs of root 
irritation with paravertebral spasm, reduction of 
the straight leg raising and loss of the Achilles 
reflex. The fourth patient (case No. 1 in our series) 
is of particular interest and his history is briefly 
summarized here: 


Case 1. A 36-year-old factory labourer had suffered 
from low back pain for 2 years following a strain at 
work, while lifting a heavy weight. A radiograph of 
the lumbar spine revealed a first degree spondylolis- 
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thesis at the lumbosacral level, with defects in the 
pars interarticularis on each side. Routine conser- 
vative treatment with extensive physiotherapy, an 
orthopaedic corset, and bed rest had failed to relieve 
his symptoms. In January 1959, therefore, the loose 
posterior arch of the fifth lumbar vertebra was re- 
moved. Four days after the operation the patient 
complained of left sciatica for the first time, and 
the pain steadily increased during the suceeding 
months, in spite of further conservative treatment. 
The straight leg raising was reduced on the left to 
30°, the Achilles reflex was lost and hypo-aesthesia 
appeared in the outer side of the calf and foot. In 
April 1959 an epidural injection was performed with 
immediate relief of pain, and improvement in the 
straight leg rising to 90°. The relief was permanent 
and on examination one year later the Achilles reflex 
was present, there were no sensory changes and the 
patient was back at his normal work. 


Side effects. 

Severe headache and dizziness occurred in over 
half of our cases. These symptoms were presumed 
to be due to the rapid increase in intracranial 
pressure following the compression of the dural 
sac by the saline. In all cases, however, these 
symptoms were transient, lasting only up to 15 
minutes after completion of the injection. No 
other untoward effects were encountered. 


DISCUSSION 


We consider it significant that in even a small 
number of cases we obtained complete relief of 
symptoms, since in all our patients the pain was 
of long duration and had not responded to 
intensive conservative therapy, with bed rest on 
a firm mattress, orthopaedic corsets, physio- 
therapy, vitamin B complex drugs and analgesics. 
Thus our series was much more select than others 
previously reported (Coomes, 1961) and the likeli- 
hood of a spontaneous remission, or of sugges- 
tion being a factor, was much lower. Furthermore, 
we have not combined any other treatment with 
the injection and thus we suggest that our 
results show a truer picture of the effects of the 
injection itself on the patient’s condition. 


Taste Il 
Results according to diagnosis. 


Cured 


Relieved Unrelieved 


Prolapsed intervertebral disc 
Spondylosis of lumbar spine 
Postoperative adhesions 
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The temporary relief which occurred immedi- 
ately in sixteen of the twenty-eight patients may 
be explained in two ways. 

The injected fluid, as Wiles (1949) and other 
authors have suggested, may simply displace the 
nerve roots from contact with an underlying 
process, such as a disc prolapse and thus relieve 
root pressure. However, the nerve root, being an 
elastic structure, would surely contract immediately 
after being displaced from its stretched position 
and even after the reabsorption of the injected fluid 
could hardly return immediately to its previous 
position in relation to the underlying lesion. 

We therefore feel that this theory offers no 
explanation of the immediate and short-lived 
pain relief so often encountered. However, it 
could conceivably apply to cases in which pain 
relief is of a longer duration. 

It is well known that pressure on a nerve 
impairs function and it is quite possible that the 
temporary relief of pain is due simply to the 
high pressure developed in the epidural space 
by injecting large quantities of saline. Our 
measurements of the pressure in the epidural 
space showed readings of over 600 mm H,O at 
the completion of the injection. The absorption 
of the saline into the general circulation would 
soon nullify this effect. 

The mechanism of action in the cases “cured” 
may well be different. Nerve root pain in spondy- 
losis is often due to the direct involvement of 
the roots in the osteophytic process as they pass 
through the intervertebral foramina. The roots 
are compressed by the hypertrophic tissue and 
are often adherent to it. It would be reasonable 
to suggest that the successful relief of symptoms 
in this type of case is due to the mechanical dis- 
ruption of the adhesions. The epidural space is 
normally continuous round the nerve root 
sheaths with the paravertebral spaces. In spondy- 
losis the fluid, under high pressure within the 
spinal canal, may force its way out laterally, 
breaking down fibrous adhesions between the 
dural sheaths of the nerve roots and the bony rim 
of the foramina. 

We consider it very significant that our only 
successful cases are three patients suffering from 
spondylosis and one suffering from postoperative 
adhesions of the lumbosacral roots following re- 
moval of the posterior arch of the fifth lumbar 
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vertebra for spondylolisthesis. The common 
factor in all four is, therefore, the presence of 
adhesions of nerve roots, and it is postulated that 
the pain relief is due to disruption of the adhe- 
sions. 

In no case of prolapsed intervertebral disc did 
we obtain more than temporary relief of pain. We 
consider that this is explicable by the different 
pathological mechanism involved in the produc- 
tion of pain. In a disc prolapse, at least in the 
earlier stages, the nerve root is simply stretched 
over the bulging nucleus pulposus. Temporary 
relief is obtained, we believe, as a result of a high 
hydrostatic pressure acting on the root. Once the 
injected fluid has been absorbed from the epidural 
space and the nerve recovers, the pathological 
situation is the same as before the injection, and 
it is reasonable to expect a return of symptoms. 

Cyriax (personal communication 1961) insists 
that local anaesthetic be used (0.5 per cent pro- 
caine) and suggests that the mode of action is a 
combination of temporary analgesia of the fine 
dural nerves and possibly reposition of displaced 
disc fragments by the pressure of the fluid 
(Cyriax, 1949). However, intradisc pressures are 
of a magnitude much greater than that developed 
on epidural injection (Nachemson, 1960) and thus 
it is unlikely that any such direct hydrostatic 
effect on the disc takes place. As for analgesia, 
0.5 per cent procaine is unlikely to have much 
effect on either motor or sensory conduction of 
the nerve root. Cyriax, admitting this, adds that 
cases with more than nerve sheath involvement 
frequently do not progress favourably. This is, 
however, precisely the opposite of our findings, 
where all successful cases showed “parenchy- 
matous” nerve lesions. 

Our experience, therefore, would suggest that 
the cases most likely to benefit permanently from 
epidural therapy are those in whom the sciatica 
is due to root adhesions rather than simple root 
pressure. It is without doubt a painful form of 
treatment, and perhaps considerable additional 
suffering may be avoided by bearing these indica- 
tions in mind. 


SUMMARY 


The results of the treatment of twenty-eight cases 
of the lumbo-sciatic syndrome by the epidural 
injection of a large volume of saline are presented. 
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Four were permanently cured and a further 
sixteen obtained temporary relief. 

Possible mechanisms of pain relief are corre- 
lated with our findings. 

It is suggested that root adhesion rather than 
root pressure is the indication for epidural therapy. 
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